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ABSTRACT
Epidemiological Studies on Arboviruses in  the Arabian Peninsula 
w ith  Special Reference to  the Sultanate o f Oman
by
S.M. Al-Busaidy
Sentinel herds were used to  study the epidemiology o f 
arboviruses in  Oman and North Yemen. The resu lts  ind ica te  th a t 
bluetongue v irus  (BTV) is  f a i r ly  w idely d is tr ib u te d  and is  enzootic 
in  Northern Oman, a l l  year round. V irus type s p e c ific  antibodies to  
f iv e  BTV serotypes (3, 4, 17, 20 and 22) were detected. Antibodies 
to  epizootichaemorrhagic disease v iru s  (EHDV) type 2 and EHDV318 
were also present although to  a lesser extent. No EHDV1 antibodies 
could be detected among the sentine l animals during the e n tire  
period.
Prevalence o f n e u tra liz in g  antibodies against Akabane v iru s  was 
found in a wide range o f domestic animals in  a l l  countries o f the 
Arabian Peninsula but the v iru s  does not seem to  be enzootic the re . 
The p o s s ib il i ty  o f windborne, in fected vectors, from v iru s  enzootic 
areas in i t ia t in g  these incursions in to  the Arabian Peninsula is  
discussed.
A to ta l o f fou r arboviruses were iso la ted  and id e n t if ie d  (two 
BTV4 and two Akabane v iru s ) . Three o f them from vertebrate hosts 
and one was from a species o f Culicoides. This is o la t io n  o f Akabane 
v iru s  from C. imicola is  the f i r s t  record o f th is  v iru s  from th is  
species o f midge.
Entomological inves tiga tions  were undertaken1, in to  the population 
dynamics o f po ten tia l Culicoides vectors and the re su lts  co rre la ted  
w ith  the c lim a tic  cond itions. Sixteen species o f Culicoides  were 
id e n tif ie d  among which fou r were new to  science, these included 
C. arabiensis , C. ib r ie n s is , C. b u e l t i k e r i  and C. neoschultzei.
Vector competence studies have shown th a t the Omani v iru s  
iso la tes  m u ltip ly  in  C. var i ipennis  a f te r  ora l ingestion and th a t 
both viruses are maintained fo r  a t least 10 days p o s t- in fe c tio n .
Biochemical analysis and comparison o f the prote ins induced in  
in fected c e lls  and genomic p ro file s  o f the Omani v iru s  iso la te s  
were analysed by polyacrylamide gel e lectrophoresis and 
formaldehyde-agarose gel e lectrophoresis and compared w ith  several 
other prototype reference s tra in s . Minor d iffe rences in  BTV 
sp e c ific  prote ins and dsRNA p ro file s  between various s tra in s  were 
observed.
Akabane v iru s  s p e c ific  prote ins were ind is tingu ish ab le  between 
the d if fe re n t Akabane s tra in s , but minor d iffe rences were observed 
in  th e ir  genomic p ro f ile s  and th a t th e ir  RNA was polyadenylated.
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APPENDIX I
1.1 In troduction
The Arabian Peninsula is  comprised o f Saudi Arabia, Oman, the 
Yemens, the United Arab Emirates, Qatar, Kuwait and the is land o f 
Bahrain. These countries together cover well over three m ill io n  
square kilom eters. The peninsula is  separated from A fr ic a  by the 
narrow Red Sea and from Iran by the Arabian G ulf. A form idable 
succession o f high plateaux w ith  steep, scarp edges occur along the 
Red Sea Coast. These features also extend from Yemen in  the extreme 
Southwest, to  Oman in the Southeast where they reach an a lt itu d e  o f 
almost 3000 meters. Further eastwards the a lt itu d e  o f the plateaux 
gradually diminishes to  form a low ly in g  coastal p la in . Behind the 
coastal plateaux is  a wide expanse o f sand desert, the Rub A l-K ha li 
(the Empty Quarter) which occupies much o f the South o f Saudi 
Arabia (see Figure 1.1).
Most o f the countries o f the Arabian Peninsula re ly  heavily  on 
the revenues generated by o i l  export. However, plans are underway 
to  formulate s tra teg ies  fo r  the d iv e rs if ic a t io n  o f the economy o f 
the region, by estab lish ing  other ind u s trie s . In th is  context 
a g ricu ltu re  has been given top p r io r i ty .
In the Arabian Peninsula w ith  i t s  a r id  environment there are 
three p r in c ip le  types o f lives tock  production:
1. Livestock associated w ith  ir r ig a te d  a g ricu ltu re .
2. Livestock associated w ith nomadic and semi-nomadic husbandry.
3. Large, modern commercial da iry  enterprises using in tens ive  
husbandry.
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Figure 1.1 Map o f the Arabian Peninsula showing d if fe re n t countries.
The to ta l lives tock  population o f the region includes 
approximately 1.8 m ill io n  c a tt le ,  8 m ill io n  sheep, 7 m illio n  goats, 
1/2 a m ill io n  camel and ju s t  under a m illio n  equines. Poultry is  
also very important and comprises ju s t  under n inety m ill io n  b irds  
(F.A.O., 1987).
The vast m a jo rity  o f these animals are o f local breeds and might 
the re fo re  be expected to  e x h ib it a high degree o f natural 
resistance to  in fe c tio n  w ith  any arboviruses which might be 
c irc u la t in g  in  the area. However, such arboviruses could represent 
a considerable th rea t both to  those large modern da iry  farms which 
have introduced more productive exo tic  breeds o f animals and also 
to  breeding programmes designed to  upgrade indigenous stock 
(K itch in g , 1988; Bida and Eid, 1974; Ekue et a h ,  1985; Best 
et a h ,  1975).
A rbovira l diseases can cause s ig n if ic a n t economic losses both 
d ire c t ly  through disease i t s e l f  and also in d ire c t ly  through 
in te rna tio na l trade embargo, but the economic importance o f these 
diseases in  the Arabian Peninsula has not yet been properly 
investiga ted. However, in  other countries losses due to  arbovirus 
in fe c tio n  are well documented. In Japan during 1972-1974 Akabane 
v iru s  in fe c tio n  caused the deaths o f over 40,000 calves (Omori 
et a h ,  1974) and the economic loss reached more than one b i l l io n  
Yen (Matumoto and Inaba, 1980). In A u s tra lia  an ep izoo tic  o f 
Akabane v iru s  in  1974 caused the loss o f over 5000 calves (Shepherd 
et a h ,  1978). While estimated d ire c t loss in  an ep izoo tic  o f BT in
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c a tt le  in  M iss iss ipp i and surrounding States in  1979 was over 6 
m ill io n  US d o lla rs  (M etca lf, 1980).
Congenital abnorm alities in  farm animals in  Oman are frequen tly  
encountered (see Plates 1.1 to  1 .5 ), although no in ve s tiga tio n  in to  
th e ir  ae tio logy has so fa r  been undertaken. The presence o f these 
fo e ta l abnorm alities is  consistent w ith the presence o f v ira l 
in fe c tio n s  such as bluetongue and Akabane.
In the l ig h t  o f th is  inform ation i t  would be prudent fo r  the 
countries o f the Arabian Peninsula, before attempting to  embark 
upon grandiose commercial lives to ck  p ro jects  invo lv ing  high q u a lity  
exo tic  breeds, to  gain a c lea r understanding o f the “ types" o f 
arbovirus present, th e ir  d is tr ib u t io n  and prevalence so th a t 
e ffe c tiv e  con tro l measures can be formulated.
1.2 Arthropod-borne Viruses (Arboviruses)
An arbovirus may be defined as a v iru s  which is  maintained in  
nature, p r in c ip a lly  through a b io lo g ica l transmission cycle between 
susceptib le vertebrate hosts and haematophagous (blood-sucking) 
arthropods (Andrev^, 1962; Casals, 1966; WHO, 1967). These viruses 
are unique in being able to  in fe c t and re p lica te  both in 
vertebrates and in  arthropods. This d e fin it io n  o f these v iruses is  
very broad and means th a t the group arbovirus is  a heterogeneous 
one consis ting  o f viruses which may be taxonomically unrelated. The 
c r i te r ia  used to  id e n t ify  a v iru s  as an arbovirus are based on 
epidem iological and ecologica l considerations, not on morphology, 
physico-chemical p roperties or re p lic a tio n  s tra teg ie s .
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Plate 1.1 C alf showing severe arthrogryposis.
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Plate 1.2 Goat kid at term showing hydranencephaly and "Bu l l  dog" 
c h a ra c te r i s t i c s .
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Plate 1.3 Cal f  showing severe ar th rogrypos is  o f  l e f t  hind leg.
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Plate 1.4 "Bu l l  dog" kid.
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Plate 1.5 Biencephal ic kid.
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Consequently, the b io lo g ic a lly  defined set o f arboviruses is  very 
large and has increased in  number a t a phenomenal ra te . I t  has 
jumped from 15 in  1940 to  34 in  1950, 123 in  1960, 204 in  1967 and 
over 300 in 1975 (Chamberlain 1968; P o rte r f ie ld , 1975). To date 533 
arboviruses have been catalogued (Ju ly 1988 -  Issue No 93 
Arthropod-Borne V irus Inform ation Exchange) which makes them by fa r  
the la rgest known group o f vertebrate v iruses (P o r te r f ie ld , 1980; 
Matthews, 1982). Arboviruses are worldwide in d is tr ib u t io n , and 
include among th e ir  members the causative agents o f some o f the 
most important epidemic diseases o f man and domestic animals. The 
fa m ilie s  in which arthropod-borne viruses are known to  occur are 
shown in Table 1.1 w ith  one example given from each.
1.2.1 Other C ha rac te ris tics  o f Arboviruses
As a re su lt o f the large number o f newly discovered viruses i t  
has not been possible to  conduct vector transmission studies on a l l  
o f them to  determine whether or not they q u a lify  as arboviruses. In 
fa c t ,  complete studies have been carried  out on only a re la t iv e ly  
small proportion o f "new" v iruses. However, various other c r i te r ia  
which are common to  most known arboviruses have been id e n tif ie d  by
1. Close antigen ic re la tionsh ips  to  a previously known arbovirus.
2. Iso la tio n  o f the v iru s  from f ie ld -c o lle c te d , blood sucking 
arthropods. This c r i te r ia  alone does not prove a v iru s  to  be
Andrews (1962) and are as fo llow s
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Table 1.1 Classification of arboviruses
Family
Virus characters
Example Host Vector
Nucleic acid Nucleocapsid Envelope
Flaviviridae ssRNA
positive sense
icosahedral
(40-TQnm)
+ yellow fever virus humans, monkeys mosquitoes 
4sdes aegyp t i
Rhabdoviridae ssRNA
negative sense
helical t 
(13Q-18Qx5Q-95nm)
vesicular stomatitis 
virus
horses, cattle, 
pigs
sandflies
Lutzony ia  t r a p id o i
Bunyavi ridae ssRNA
3 segments 
negative sense
helical
(9Q-1QQnm)
+ Nairobi sheep disease 
virus
sheep, goats hard ticks (Ixodidae) 
Rhipcephalus  
append icu la tus
Reovi ridae dsRNA
IQ-12 segments
icosahedral
(6Q-80nm)
- bluetongue virus sheep, other 
ruminants
C u l ico id e s midges 
C u l ico id e s  m i  ipenn is
Unclassified* dsDNA icosahedral
(125-3QQnm)
- African swine fever 
virus
pigs soft ticks (Argasidae) 
O rn i thodoros  moutata  
porc inus
Togaviridae ssRNA
positive sense
icosahedral
(40-JQnm)
+ Sindbis virus birds, humans mosquitoes 
Culex u n i v i t t z t u s
* Used to belong to Iridoviridae family but has recently been reclassified in a separate, as yet unnamed, family in 
which it is the only known member (Brown, 1986).
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arthropod borne, but i t  does provide a strong in d ica tio n , 
p a r t ic u la r ly  i f  repeated iso la tio n s  are made from a p a rt ic u la r  
species or group o f arthropods.
3. Is o la tio n  o f the v iru s  from sentine l animals exposed in  the 
f ie ld  to  the b ite s  o f blood-sucking arthropods. This evidence 
is  only o f value i f  a l l  other routes by which the sen tine ls  
could have acquired in fe c tio n  ( ie . contact, aerosols, 
contaminated food e tc .)  have been e lim inated.
4. The v iru s  should be in fe c tiv e  fo r  mosquitoes or other 
haematophagous arthropods both o ra lly  and v ia  in tra th o ra c ic  
inocu la tion . The sa liva ry  glands are the most important ta rg e t 
organs fo r  the v iru s  and they are usua lly  dissected out a f te r  a 
su ita b le  incubation period and tested fo r  v iru s . I t s  presence 
ind ica tes the probable a b i l i t y  o f the arthropod to  transm it by 
b ite .
5. Is o la tio n  o f the v iru s  from cases o f disease in  man or animals 
occurring under circumstances ep idem io log ica lly  suggesting 
arthropod transm ission.
6. V irus in a c tiv a tio n  by exposure to  ether or sodium deoxycholate.
7. V irio n  size should be compatible w ith  th a t o f most known 
arboviruses.
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8. Presence o f RNA since a l l  but one o f the known arboviruses are 
RNA viruses.
9. Heat and acid s e n s it iv ity  should be o f the same order as fo r  
known arboviruses.
10. The v iru s  should be pathogenic fo r  suckling mice v ia  the 
in tracerebra l route.
In d iv id u a lly  these c r i te r ia  are in s u ff ic ie n t to  assign a "new" 
v iru s  to  the group arbovirus, but in  combination they do provide a 
reasonable basis fo r  th a t c la s s if ic a t io n .
1.3 Origin of Arboviruses
Many speculations have been made about the o r ig in s  o f the 
arboviruses; whether they arose f i r s t  in  arthropods or in  
vertebrates. P lausib le arguments have been presented fo r  both sides 
(Chamberlain, 1968) but none have been proven. However, many 
arboviruses are able to  m u lt ip ly  in  a wide range o f insect 
fa m ilie s , provided th a t the gut system is  by-passed and the viruses 
are introduced d ire c t ly  in to  the body ca v ity  (Hurlbut and Thomas, 
1960). This demonstrates a general s u s c e p t ib il ity  o f insect tissues 
fo r  these viruses and suggests a long-established association 
between arboviruses and insects. This evidence seems to  favour 
arboviruses a r is in g  p r im a rily  in  arthropods and secondarily
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becoming adapted to  vertebrates. However, w ith  a group o f viruses 
as diverse as the arboviruses, m u ltip le  o r ig in s  are p e rfe c tly  
possible. Indeed, there are arboviruses which have apparently lo s t 
the need fo r  an arthropod vector. An example is  U.S. bat sa liva ry  
gland v irus  which is  transm itted d ire c t ly  between i t s  vertebrate  
hosts by the b ite s  o f the bats themselves. Machupo and Junin 
viruses (Tacaribe group, Arenaviridae) are examples o f arboviruses 
which might have arisen p r im a rily  in  vertebrates ra ther than 
arthropods. Machupo, has been shown to  be excreted in  urine and is  
probably transm itted from rodent to  rodent by the ingestion o f 
urine contaminated food and water (Johnson et a h ,  1965). No 
evidence o f arthropod involvements has yet been found in the case 
o f Machupo v iru s , but mites are suspected o f being involved in  the 
transm ission o f Junin v iru s  (Casals and Clarke, 1965). I t  seems 
l ik e ly  th a t Machupo, Junin and the o ther members o f the Tacaribe 
group are b a s ica lly  vertebrate v iruses, and any arthropod 
involvement is  only o f secondary or minor importance. 
Encephalomyocarditis v iru s  is  an example o f a v iru s  which might 
eventua lly  evolve in to  a vector borne v iru s . I t  does not possess 
a l l  o f the ch a ra c te ris tics  o f arboviruses and is  not a t the moment 
included in  the arbovirus grouping, yet i t  has been iso la ted  from 
mosquitoes on several occasions, but attempted experimental 
transm ission by mosquito b ite  has thus fa r  fa ile d  (Chamberlain, 
1968).
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1.3.1 Vectors of Arboviruses
A vector o f an arbovirus may be defined as an arthropod which 
transm its the v irus  from one vertebrate host to  another by b ite . 
During the process o f b it in g  the vector may suck blood or tissue  
f lu id s  containing v irus  and a fte r  a varying period o f 
m u lt ip lic a tio n  o f the v irus  w ith in  i t s  body (e x tr in s ic  incubation 
period) may tra n s fe r i t  to  another host during a subsequent b ite . 
Three fa m ilie s  o f blood sucking insects ( Culic idae , Ceratopogonidae 
and Psychodidae) and two fa m ilie s  o f t ic k s  (Ixodidae and Argasidae) 
are the major vectors o f these viruses (Table 1 .1 ).
1.4 Mechanism of Arbovirus Transmission
A cqu is ition  and transmission o f v iruses by arthropods is  in 
almost a l l  instances, re la ted to  the anatomy o f the mouthparts and 
gut (Figure 1.2) and to  the physiology o f ingestion and d iges tion . 
Although transova ria l and venereal transmission have been 
demonstrated w ith  some arboviruses, these types o f dissem ination do 
not appear to  be common. The b io lo g ica l transm ission cycles o f 
arthropod-borne viruses are dependent upon various 
in te rre la tio n s h ip s  between the v iru s , the vector, and the 
vertebrate host, each o f which is  influenced to  varying degrees by 
environmental conditions (S e lle rs , 1980; Chamberlain, 1968;
Hurlbut, 1965; Day, 1955; Reeves, 1970). The general concept o f 
in fe c tio n , m u lt ip lic a tio n  and dissemination o f an arbovirus w ith in  
a vector has been described as fo llo w s :-
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vectors
&-
1. In i t ia t io n  o f in fe c tio n  in  the mesent/ron o f the vector.I
e
2. M u lt ip lic a tio n  and a m p lifica tio n  o f v irus  in  the mesen^ronal 
e p ith e lia l c e lls .
e
3. Escape o f v iru s  from the mesen-^ron through the basement lamina 
in to  the haemocoel o f the vector.
4. In fe c tio n  by and m u lt ip lic a tio n  o f the v irus  in  the s a liv a ry  
glands and or the ovaries whereby ora l transmission to  
vertebrate hosts and/or transova ria l transmission to  progeny can 
be achieved.
1.5 Factors Influencing the Survival of an Arbovirus
Both arthropod and vertebrate hosts are essentia l fo r  the 
su rv iva l o f most arboviruses in  nature. The vertebrate hosts can be 
d ivided in to  maintenance and inc iden ta l hosts. Maintenance host 
am plify and d is tr ib u te  the v irus  but inc iden ta l hosts are not 
usua lly  necessary fo r  v iru s  s u rv iva l. In fe c tion  o f in c ide n ta l hosts 
o ften re su lts  in  severe and fa ta l disease but transm ission e ith e r  
does not occur at a l l  or else occurs too ra re ly  to  maintain the 
v iru s . Man is  an exce llen t example o f an inc identa l vertebra te  host 
in  many arbovirus cycles and is  frequen tly  a "dead-end" as fa r  as 
v iru s  maintenance is  concerned (Simpson, 1968).
Diseases lik e  Japanese enceph a litis , Eastern, Western and
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Venezuelan Equine Encephalitis and Yellow fever are a few examples 
o f arbovirus diseases where man is  an inc iden ta l host.
Japanese encepha litis  v iru s  is  probably p r im a rily  a paras ite  o f 
w ild  b irds , esp ec ia lly  n igh t herons. Nestlings o f these b irds  seem 
to  act as v iru s  a m p lifie rs  in an in fected lo c a lity .  The main 
arthropod vector in  Japan is  Culex tr i taeniorrhynchus  (but other 
Culicines  may play a ro le  elsewhere). In  Japan the v irus  has a 
secondary maintenance cycle through pigs but man and horses are 
only in fected in c id e n ta lly .
In Eastern and Western equine en cepha litis  the viruses spread 
n a tu ra lly  in  b irds and normally produce harmless and symptom!ess 
in fe c tio n . The main primary vectors are species o f CuTicine 
mosquitoes some o f which may transm it the in fe c tio n  in c id e n ta lly  to  
man. With Venezuelan equine en ceph a litis , although b irds do act as 
hosts fo r  th is  v iru s , i t  is  believed th a t rodents are the true  
maintenance hosts, man is  once again an inc iden ta l host and is  
unnecessary fo r  v irus  su rv iva l.
S im ila rly  Yellow fever is  p r im a rily  an enzootic disease o f 
monkeys and is  transm itted between these hosts by various species 
o f mosquitoes, man is  only in c id e n ta lly  in fected .
Most arboviruses, even those which are able to  cause severe and 
often fa ta l il ln e s s  in  man and h is domestic animals, usua lly  do not 
e ffe c t the maintenance hosts c l in ic a l ly .  These hosts the re fo re  
ra re ly  show signs o f in fe c tio n  although v iru s  m u lt ip lie s  in  th e ir  
tissues and may c irc u la te  in  th e ir  blood. In fe c tio n  is  usua lly  
followed by the formation o f s p e c ific  antibody which renders the
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animal immune to  fu r th e r in fe c tio n  w ith  th is  v iru s .
F re e -liv in g  w ild  animals are the natura l vertebrate maintenance 
hosts fo r  most arboviruses. The range extends from b irds , which are 
involved w ith  a large number o f mosquito-borne encepha litic  v iruses 
(Eastern, Western encepha litis  v iruses, S t. Louis, Japanese B, 
Murray Valley and West N ile ) to  re p tile s  and amphibians, although 
the ro le  o f these animals is  somewhat obscure. However, i t  is  known 
th a t snakes are susceptib le to  Eastern and Western equine 
encepha litis  (Karstad, 1961; Hayes et a h , 1964; Thomas et a h , 
1958; Thomas and Eklund, 1962). Is o la tio n  o f the la t te r  v iru s  from 
w ild  caught ga rte r snakes has been reported in the U.S.A. and in  
Canada (Gebhardt et ah  1964; Barton et a h ,  1966). W hilst Chaco, 
Marco and Timbo viruses (Rhabdoviridae) have been iso la ted  from 
liza rd s  (Causey et a h ,  1966).
Many arboviruses are not known to  cause obvious disease in  any 
o f th e ir  vertebrate hosts; presumably the re la tion sh ip  between 
v iru s  and host is  the re s u lt o f long evo lu tionary adaptation to  a 
t r u ly  symbiotic existence.
1.6 Factors Influencing Arbovirus Transmission
1.6.1 Vector Arthropods
Virus must c irc u la te  in  the blood stream o f a vertebrate in  
s u ff ic ie n t  quan tity  and fo r  a s u f f ic ie n t ly  long period o f time to  
be able to  in i t ia t e  an in fe c tio n  in  a b it in g  arthropod. Enough 
vector arthropods must be p e rs is te n tly  in fected to  ensure 
transmission o f the v iru s  to  other vertebrate maintenance hosts
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during subsequent b it in g . Chamberlain et ah  (1954) defined, "the 
lowest concentration o f v irus  in  the ve rteb ra te ’ s blood th a t is  
s u ff ic ie n t to  in fe c t a t least 5% o f a spec ified  arthropod species", 
as the threshold value o f th a t v iru s  fo r  th a t arthropod species.
The duration o f viraemia above the threshold leve l is  the re fo re  o f 
c r i t ic a l  importance.
V irus maintenance also depends p a rtly  upon the density o f the 
vector arthropod population and i t s  b it in g  preferences. I f  the 
duration o f viraemia is  short, a large arthropod population w ith  a 
high b it in g  frequency w i l l  be required to  ensure th a t a s u ff ic ie n t 
number becomes in fected to  e ffe c t transm ission. Longer periods o f 
high leve l viraemia in  the vertebrate host w i l l  permit a sm aller 
arthropod population to  ensure e f f ic ie n t  transm ission.
When a vector arthropod is  in fected , the v iru s  undergoes a 
period o f development w ith in  the vector (the e x tr in s ic  incubation 
period) before transmission can be effected to  another vertebra te . 
The e x tr in s ic  incubation period varies according to  the species o f 
v iru s , the species o f vector and the temperature. For example 
Eastern encepha litis  v irus  has been shown to  undergo a te n -fo ld  
increase every e igh t hours in  an e f f ic ie n t  vector species 
(Chamberlain and Sudia, 1957). While S t. Louis encepha litis  v iru s , 
also in  an e f f ic ie n t  vector species, requires about 12 hours fo r  
each te n -fo ld  increase (Sudia, 1959). Some vector species 
apparently provide a be tte r medium fo r  rapid re p lic a tio n  than 
others. Cx. pip iens pipiens was able to  transm it St. Louis 
encepha litis  v iru s  w ith  peak e ff ic ie n c y  several days e a r l ie r  than
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Cx. p. quinquefasciatus in fected and incubated concurrently under 
the same conditions (Chamberlain et a 7., 1959; Chamberlain et a 7., 
1966). Also one s tra in  o f Aedes aegypti in fected w ith  Eastern 
encepha litis  v iru s  required 13 days incubation at 80°F to  a tta in  a 
transmission rate o f 56% (Chamberlain et a 7., 1954), whereas a 
d if fe re n t s tra in  o f the same mosquito species was able to  transm it 
the id e n tica l v iru s  w ith  a rate o f 89% a fte r  only s ix  days 
incubation (Chamberlain et a h ,  1966).
The rate o f v iru s  development is  in  d ire c t proportion to  the 
temperature o f incubation (Davis, 1932; Chamberlain and Sudia,
1955). The e x tr in s ic  incubation period may range from only a few 
days a t summer temperatures o f over 90°F to  several weeks a t 
temperatures in  the 60’ s°F and low 70*s.
Arthropods once p e rs is te n tly  in fected w ith  an arbovirus are 
apparently in fe c tiv e  fo r  l i f e  (Simpson, 1968). Transmission 
there fo re  also depends on duration o f surv iva l and b it in g  frequency 
o f the arthropod and various other fac to rs  such as gut b a rrie rs  
etc.
1.6.2 Vertebrate Populations
Ind iv idua l vertebrates once in fected w ith an arbovirus become 
immune to  fu r th e r in fe c tio n  w ith  th a t v iru s  and are the re fo re  no 
longer o f use in  m aintaining th a t arbovirus cycle. A constant 
supply o f fresh susceptib le vertebrates must the re fo re  be ava ila b le  
to  ensure v iru s  s u rv iva l. Small species o f mammal tend to  breed 
ra p id ly  and there fore  usually provide a continuous supply o f
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susceptib le hosts which are ava ilab le  fo r  in fe c tio n . Lack o f 
susceptib le vertebrate hosts is  the re fo re  not usually a l im it in g  
fa c to r fo r  arboviruses in  th is  s itu a tio n . However, in other 
s itu a tio n s , once the susceptib le vertebrate population o f an area 
have a l l  been in fected w ith  a p a rtic u la r  arbovirus then the v iru s  
is  only able to  survive in  the same area e ith e r through the 
in troduction  o f fresh susceptible hosts or else v ia  transova ria l 
(v e r t ic a l)  transmission through the vector population. This route 
does not require vertebrate involvement. F a ilin g  th is  the v iru s  
must move away from the area. Yellow fever provides a good 
i l lu s t r a t io n  o f th is  sequence o f events. Slowly reproducing 
primates are the normal maintenance vertebrates. In  the tro p ic a l 
fo res ts  o f the Congo basin and South America the areas involved are 
so vast th a t continuous cycles o f transm ission can p e rs is t.
However, in Central America a wave o f Yellow fever in fe c tio n  
occurred between 1949 and 1956 and spread northwards from Panama to  
the Mexican border. Transmission was so intense th a t the v iru s  
exhausted a l l  the ava ilab le  maintenance hosts and the in fe c tio n  
thus became s e lf - l im it in g  and ra p id ly  died out (Simpson, 1968).
1.7 Arboviruses under study
The arboviruses dea lt w ith in  the present study belong to  the 
Reoviridae and the Bunyaviridae. In the former fam ily  a tte n tio n  has 
been centered around viruses belonging to  fou r serogroups 
(Bluetongue, Epizootic haemorrhagic disease (EHD), Eubenangee and 
Palyam) w ith in  the o rb iv iru s  genus. In  the la t te r  fam ily  one member
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only, Akabane v irus  o f the Simbu serogroup has been studied. These 
viruses have been selected f i r s t l y ,  because o f the damage th a t they 
may cause d ire c t ly  or in d ire c t ly  to  animal indus trie s  through 
disease and loss o f trade and secondly because they are suspected 
o f occurring in  the Arabian Peninsula. Therefore the review th a t 
fo llow s has been lim ite d  to  a consideration o f these v iruses.
1.8 Epidemiology of Arboviruses under study
Epidemiology is  defined as the study o f disease in  populations 
and o f the fac to rs  th a t determine i t s  occurrence. One o f i t s  main 
components involves the a cq u is itio n  o f inform ation on the ecology 
and natural h is to ry  o f the disease. A fu r th e r important aspect o f 
the epidemiology o f many arthropod-borne viruses also concerns the 
manner in  which they are maintained over w in te r in  temperate 
regions and over the dry season in  tro p ic a l regions, since during 
these periods vector arthropods are l ik e ly  to  be absent or 
ina c tive .
One o f the most prominent features o f the diseases caused in  
vertebrate hosts (c a tt le ,  sheep, goats) by th is  group o f v iruses is  
the d is t in c t  seasonal incidence th a t occurs throughout much o f 
th e ir  range. This suggests a close l in k  between c lim a tic  conditions 
and the a c t iv i ty  o f the insect vectors.
Domesticated and w ild  ruminants are present in most areas o f the 
world. The global d is tr ib u t io n  o f the arboviruses th a t in fe c t th is  
group o f animals is  there fore  more lim ite d  by the range o f the 
arthropod vectors than by the range o f the vertebrate hosts.
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However, the occurrence o f actual c l in ic a l disease caused by these 
arboviruses is  even more re s tr ic te d  in  d is tr ib u t io n  and incidence 
than are the viruses themselves. Disease incidence depends upon the 
in te rp la y  o f many fa c to rs  inc lud ing ; vector prevalence and 
movement, vertebrate host species and breed, c lim ate , v iru s  type or 
s tra in . These in te ra c tio n s  have been described in  d e ta il by 
(S e lle rs , 1980; S e lle rs  and Taylor, 1980; S e lle rs  1981; S e lle rs , 
1983).
Natural m igration or movement o f in fected hosts by man, 
frequen tly  re su lts  in  the spread o f arbovirus disease over long 
distances (S e lle rs , 1980). Good examples o f th is  so rt o f movement 
are transhumance in  the Middle East, nomadic movement in  West 
A fr ica  and Sudan, and the m igration o f b irds and w ild  game animals 
in  the Serengeti region o f East A fr ic a . In a l l  instances the 
distances tra v e lle d  by these animals is  u n lik e ly  to  exceed 30 to  50 
km a day (w ith  exception o f b ird s ). However, on some occasions 
animals can be transported by man over a much greater distance than 
th is .  The recent outbreak o f A frican horse sickness (AHS) in  Spain 
may be a re su lt o f th is  type o f movement. In th is  instance AHS 
v iru s  in fected zebra were apparently imported in to  Spain from 
Namibia in  S.W. A fr ica  and in it ia te d  an outbreak o f disease in  
Central Spain (Lubroth, 1988).
Movement o f in fected vectors e ith e r on ships, planes, tru cks  or 
on the wind may also cause the spread o f disease (S e lle rs , 1980). 
Diseases which may be spread in  th is  way include bovine ephemeral 
fever (Murray, 1970; Newton and Wheatley, 1970), A frican  horse
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sickness (S e lle rs  et a h , 1977), bluetongue (S e lle rs  et a h , 1978; 
S e lle rs  et a h , 1979), Japanese encepha litis  (Hayashi et a h , 1978) 
and Akabane (S e lle rs  and Herniman, 1981; Al-Busaidy et a h , 1988).
Most insect vectors usually  f l y  only short distances, in  search 
o f food, breeding s ite s  or fo r  mating, examples o f these include 
Ae. aegypti (a vector o f Yellow fever and Dengue v iru se s ), Culiseta  
melanura (a vector o f Eastern equine encepha litis  v iru s ) and Cx. 
a ik e n i i  (a vector o f Venezuelan equine encepha litis  v iru s ) . Other 
insect vectors o ften those species which occupy temporary hab ita ts  
are regarded as being m igratory and can be dispersed over long 
distances on the wind (Johnson, 1969). Such insects include Cx. 
tr i taeniorrhynchus  and Cx. vishnui  (vectors o f Japanese 
e n ce p h a litis ), Ae. v ig i la x  (vector o f Murray va lley  e n ce p h a litis ), 
Cx. ta rsa l  is  (vector o f Western equine encepha litis  and St. Louis 
encepha litis ) and Cx. un iv i t ta tu s  and Cx. vishnui (vectors o f West 
N ile ) . There is  strong c ircum stan tia l evidence th a t Culicoides 
b it in g  midges have also been carried  in  the a ir  over long distances 
(Murray, 1970; S e lle rs  et a h , 1977, 1978, 1979; Hayashi et a h , 
1979). These f l ig h ts  may be aided by the strong warm winds o f the 
In te r tro p ic a l Convergence Zone (ITCZ). The best conditions fo r  th is  
so rt o f long distance movement is  when the a ir  temperature is  
between 13°C and 35°C since th is  is  the temperature a t which these 
insects are most ac tive  (S e lle rs , 1980, 1983).
There has been much speculation on how arboviruses p e rs is t 
during periods when the v iru s  i t s e l f  or evidence o f v iru s  in fe c tio n  
cannot be found. This usually occurs during periods o f adverse
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c lim a tic  conditions when the vector is  e ith e r absent or very 
scarce. The term "overw intering" has been coined to  describe th is  
period although su rv iva l can e ith e r be during the hot dry season or 
during the cold season (Reeves, 1974; Simpson, 1968). Several 
hypothesis have been put forward to  attempt to  expla in how 
overw intering may occur in  an area. These include
a) Persistence o f in fe c tio n  in  vertebrates, where the v iru s  
survives in  the host as a chronic in fe c tio n  associated w ith  
ce rta in  tissues e.g. bluetongue v iru s  where the v iru s  can 
pe rs is t in  the c a tt le  blood fo r  long periods o f time (Luedke 
e t a 7., 1977; S e lle rs , 1983), Akabane v iru s  where the v iru s  is  
able to  cross over the placenta to  in fe c t the foetus (Kurogi 
e t a l . , 1976). A lte rn a tiv e ly  the v iru s  may in fe c t d if fe re n t 
groups o f vertebrate hosts (b ird s , rodents, bats or re p tile s )  
e.g. Western equine encepha litis  v iru s  (Gebhardt e t a 7., 1964).
b) Persistence o f in fe c tio n  in  insects e ith e r  in a small number o f 
surv iv ing  adults  or tra n s o v a r ia lly  in  the o ffs p rin g , e.g. 
Japanese encepha litis  (Rosen e t a l . , 1978). A lte rn a tiv e ly  the 
v irus  may be able to  change to  a d if fe re n t vector (S e lle rs ,
1983) e.g. Jungle Yellow fever transm ission involves Ae. 
afr icanus  while a t the edges o f the fo re s t Ae. f u r c i f e r - t a y l o r i  
and Ae. luteocephalus vector the v iru s  (Germain e t a7 ., 1982).
c) Reintroduction o f viruses
I f  overw intering in  an area is  not possible the v iru s  may be
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able to  re -en ter a zone once c lim a tic  conditions become 
su ita b le , from external sources. In these instances the v iru s  
may be transported by the vertebrate hosts during m igration 
(w ild  game) or through export trade or by in fected invertebra te  
hosts blown in  the wind (S e lle rs  e t a h ,  1977, 1978, 1979; 
S e lle rs , 1980, 1983, 1984; Murray, 1970; Hayashi e t a h ,  1978; 
Al-Busaidy e t a h ,  1988). These types o f movement can lead to  
annual re in troduction  o f the arboviruses in to  an area. Evidence 
o f th is  has recently  been shown to  occur in  Khartoum, Sudan 
(Mohamed and Taylor, 1987).
1.9 Reoviridae
The viruses th a t are now c la s s if ie d  together as members o f the 
Reoviridae fam ily  are grouped in to  s ix  genera (O rthoreovirus, 
O rb iv irus , Rotavirus, Cypovirus, Phytoreovirus and F i j iv i r u s ) .
These have widely d if fe r in g  host ranges and also d iffe rences in  
morphology. (Matthews, 1982; J o k lik , 1980). A ll members o f the 
fam ily  Reoviridae have a non-enveloped spherical v ir io n  o f about 
70nm in diameter, which consist o f an inner and outer capsid. The 
inner capsid is  a stab le  s truc tu re  consis ting  o f 32 capsomers 
arranged in  icosahedral symmetry, but there are s tr ik in g  
d iffe rences in the outer capsid s tru c tu re  between the genera. In 
a l l  s ix  genera the genome is  segmented in to  10-12 genes o f dsRNA, 
the v ir io n  also possess enzymes tha t tra nscrib e  the double stranded 
RNA in to  messenger RNA (J o k lik , 1983). Members o f the s ix  genera 
are unrelated a n tig e n ica lly  and genetic reassortment occurs only
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between species w ith in  each genus (Fenner et a l . ,  1987).
Viruses o f the fam ily  Reoviridae in fe c t a wide range o f hosts 
inc lud ing p lants, arthropods and vertebrates. For th is  reason and 
the paucity o f data on recent iso la te s , taxonomic problems have yet 
to  be resolved (Stanley, 1981; D ella-Porta, 1985; Murphy 1983).
1.10 Genus Orbivirus
Viruses w ith in  the genus o rb iv iru s  e x h ib it s im ila r  
physico-chemical, morphological and b io lo g ica l c h a ra c te ris tic s  
which d is tin g u ish  them from viruses in  a l l  other genera o f the 
Reoviridae (Murphy et  a l . ,  1971; Borden et a l . ,  1971; Gorman and 
Taylor, 1985). The orb iv iruses th a t have been described so fa r  have 
been d iffe re n tia te d  in to  16 sero log ica l subgroups (P o r te r f ie ld , 
1989) each being fu r th e r subdivided in to  a number o f serotypes 
(Table 1 .2 ). The sero log ica l grouping is  based on cross re a c t iv ity  
in the complement f ix a t io n , immunofluorescence and agar gel 
immunodiffusion te s ts . Serotypes w ith in  each serogroup are 
d iffe re n tia te d  by serum-virus n e u tra liza tio n  te s ts  (Knudson and 
Shope 1985; Gorman 1983). Low-level cross-reaction between viruses 
w ith in  the bluetongue, EHD, Eubenangee and Pal yam serogroups have 
been reported using sero log ica l group te s ts  (Borden et a l . ,  1971; 
Moore and Lee, 1972: Della-Porta et a l .  1979).
Several o rb iv iruses are associated w ith  important diseases, 
p a r t ic u la r ly  o f ungulates, but also o f man and other vertebra tes. 
However, some o rb iv iruses have been iso la ted  only from arthropods 
and th e ir  apparent capacity to  in fe c t vertebrates is  based only on
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Table 1.2. O rbiviruses -  sero log ica l subgroups, number o f serotypes, 
vertebrate host and vector species.
Serogroup No. o f 
serotypes
Vertebrate host Vector
A frican horse sickness 9 Ungulates Culicoides
Bluetongue 24 Ungulates Culicoides
Changuinola 12 Mammals, marsupials Phlebotamines
Colorado t ic k  fever 2 Mammals Ticks
C orriparta 6 Mammals, b irds Mosquitoes
Epizootic haemorrhagic 
disease o f deer 12 Mammals Cu 1i  co ides
Equine encephalosis 7 Equines Cu7 icoides
Eubenangee 5 Mammals, marsupials Mosquitoes
Leri 3 Birds Mosquitoes
Kemerovo 23 Mammals, b irds Ticks
Pal yam 11 C a ttle , sheep Mosquitoes, 
Culico ides , 
t ic k s
Umati11a 4 Birds Mosquitoes
Walla! 2 Marsupials Mosquitoes,
Culicoides
Warrego 2 Mammals, marsupials Mosquitoes,
Culicoides
Wongorr 2 ? Culicoides
Ungrouped >8 Rodents, b ird s , 
mammals, bats Mosquitoes
Data from P o rte rfie ld  (1989)
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sero log ica l evidence, e.g. Eubenangee serogroup (P o r te r f ie ld ,
1989).
1.10.1 Bluetongue Serogroup
a) Bluetongue Disease
Bluetongue is  an insect transm itted in fe c tio u s , non-contagious 
disease o f ruminants characterised by fa c ia l oedema, c o ro n it is  and 
s t if fn e s s  due to  muscle degeneration (Robertson, 1976). Sheep are 
more l ik e ly  to  be c l in ic a l ly  affected than are c a tt le ,  goats and 
w ild  ruminants (Bowne, 1971). The se ve rity  o f the disease in  th is  
species varies from m ild to  severe, depending on the s tra in  o f 
v iru s  concerned, the breed o f sheep and various unquantifiab le  
environmental fac to rs  (S e lle rs , 1981; N eitz , 1948; Lawman, 1979; 
Erasmus, 1975; Gorman and Taylor, 1982). The incubation period 
fo llo w in g  natural in fe c tio n  o f sheep is  believed to  be about seven 
days and the c l in ic a l and patho logica l signs may vary from acute to  
abortive  or the in fe c tio n  may be su b c lin ica l (Erasmus, 1975).
Bluetongue is  usually  considered to  be an inapparent disease in  
c a tt le  (Owen et a l . ,  1965; Bowne et a h ,  1968) although c l in ic a l 
bluetongue disease has been reported in  th is  species (Komarov and 
Goldsmit, 1951; M etcalf, 1980; Luedke et a h ,  1970). The disease in  
c a tt le  is  often misdiagnosed (Bowne, 1973) due to  s im ila r it ie s  w ith  
other diseases such as in fe c tious  bovine rh in o tra c h e it is , bovine 
v iru s  diarrhoea, malignant ca ta rrha l fever and foot-and-mouth 
disease.
Bluetongue v irus  in fe c tio n  o f goats, l ik e  c a tt le ,  usually
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resu lts  in  a m ild or inapparent in fe c tio n  (Haig, 1959; Luedke and 
Anakewenze, 1972; B a rz ila i and Tadmor, 1971).
The m a jo rity  o f w ild  ruminant species show no c l in ic a l signs but 
some such as the white ta ile d  deer ( Odocoleus v irg in ianus ) , the e lk
may develop serious disease characterised by fever, rapid d i f f i c u l t  
breathing, swollen cyanotic tongue, excessive s a liv a t io n , serous to  
ca ta rrha l nasal exudate and lameness due to  c o ro n itis . Convalescing 
animals may also show heavy overgrowth o f the hoof, (S ta ir  
et ah  ,1968).
Abortions, fo e ta l malformations, arthrogryposis or 
hydranencephaly may also re su lt from BTV in fe c tio n  o f susceptib le 
female ruminants during the f i r s t  pa rt o f pregnancy (McKercher 
et a 7., 1970; Cordy and Schultz, 1961; Barnard and Pienaar, 1976).
b) History and Geographical Distribution
Bluetongue was f i r s t  recorded as a disease e n t ity  in  South 
A fr ic a  as ea rly  as 1876, but i t  had been recognised c l in ic a l ly  many 
years e a r l ie r ,  a t the time o f the in trodu c tion  o f the Merino and 
other European breeds o f sheep in to  the colony (Hutcheon, 1880).
The f i r s t  de ta iled  descrip tion  o f the disease in  sheep was given by 
Hutcheon (1902) and by Spreull (1902, 1905).
These ea rly  descrip tions the re fo re , seem to  ind ica te  th a t the 
o r ig in  o f BTV was on the A frican continent and fo r  many decades i t  
was believed th a t bluetongue was confined to  A frica . However, i t  is  
now known th a t BTV has a much wider d is tr ib u t io n  than th is .
(A Ices americana) antelope ( AntiTocapra americana)
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The f i r s t  confirmed outbreak o f bluetongue disease outside 
A fr ic a  was on the is land o f Cyprus in 1943 (Gambles, 1949). 
However, i t  is  believed th a t pe riod ic  unconfirmed outbreaks in  
sheep had occurred in  Cyprus as ea rly  as 1924 (S e lle rs , 1975; 
Polydorou, 1980).
Bluetongue was f i r s t  reported in the United States o f America 
under the name o f "Soremuzzle o f Sheep" (Hardy and P rice, 1952). 
The disease apparently f i r s t  appeared in  Texas in  1948 and 
subsequently occurred in  C a lifo rn ia  in  1952 where i t  was f in a l ly  
diagnosed as bluetongue a fte r  is o la t io n  o f the causal v iru s  
(McKercher et a h ,  1953).
In the Middle East the disease has a long h is to ry  and losses in 
sheep have at d if fe re n t times occurred in  Is ra e l (Komarov and 
Goldsmit, 1951), S yria , Turkey (Taner, 1949; Gullec, 1972; Yonguc 
et  a 7. ,1982), Egypt and Iraq (Hafez and Ozawa, 1973; Hafez et a h ,  
1979).
In 1956 bluetongue disease was diagnosed in  Southern Portugal 
(Manso-Ribeiro e t a h ,  1957) and s h o rtly  th e re a fte r also in  Spain 
(Lopez and B o tija , 1958). Since then the disease has been reported 
in  Pakistan (Sarwar, 1962), Ind ia  (Sapre, 1964) and Greece 
(Vassalos, 1980; Dragonas, 1981).
In A us tra lia , although bluetongue v iru s  (BTV) has been iso la ted  
from a mixed pool o f Culicoides midges, C. b rev i ta rs is  (S tandfast 
e t a h ,  1985) and from the blood o f apparently healthy c a t t le  
(Parsonson and Snowdon, 1984, 1985; Gard e t a h ,  1988a, 1988b), 
there has been l i t t l e  evidence o f disease in  the f ie ld ,  apart from
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the death from BTV type 23 in  February 1989 o f a sheep in  a 
sen tine l flo c k  in  Northern A u s tra lia  (Murray, 1989). In the 
labora tory the c l in ic a l p ic tu re  in  sheep fo llo w in g  inocu la tion  w ith 
CSIRO 19 v irus  (BTV type 20) in  the labora tory is  f u l ly  consistent 
w ith  bluetongue disease reported elsewhere (S t. George and 
McCaughan, 1979). To date there have been 8 serotypes o f BTV’ s 
iso la ted  in  Northern A u s tra lia  a l l  w ith in  the ecologica l range o f 
C. b rev i ta rs is  and several other a ll ie d  species o f Culicoides.
The resu lts  o f recent sero log ica l surveys ind ica te  th a t 
bluetongue v irus  is  widespread in  South-west and South-east Asia 
(Herniman et a l . , 1980). I t  seems th a t the v iru s  is  also s i le n t ly  
extending i t s  range in  Latin  America (Ozawa and G r i f f i t h ,  1980) and 
the Carribean (Gibbs et a l . ,  1983).
Epidemiological surveys have ind icated both through v iru s  
is o la t io n  and sero log ica l studies the widespread d is tr ib u t io n  o f 
the v iru s  (Taylor, 1986) and the global d is tr ib u t io n  is  now 
acknowledged to  be between approximately la t itu d e  40°N and 35°S 
(F ig 1.3) (S e lle rs , 1981).
In the Arabian Peninsula, previous to  th is  study l i t t l e  was 
known about the occurrence o f Bluetongue disease. However, several 
epidem iological surveys had shown the presence o f BTV 
group-specific  antibodies in  the sera o f many species o f ruminants 
throughout the Arabian Peninsula (Herniman et a l . ,  1980; Hedger 
et a l . ,  1980: Hafez and Taylor, 1985; A l-Busaidy, 1985). This 
suggests a widespread d is tr ib u t io n  o f the v iru s  in  the Peninsula.
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c) The V irus
A to ta l o f 24 serotypes o f BTV have been id e n tif ie d  so fa r  on 
the basis o f serum-virus n e u tra liza tio n  te s ts  and comparisons by 
RNA h yb rid iza tio n  (Gould 1988; Huismans and Cloete, 1987; Fenner 
et  a 7., 1987). More serotypes may well be discovered in  the fu tu re . 
The BTV genome consists o f 10 dsRNA segments th a t range in  size 
from 0.3 x 106 to  2.5 x 106 daltons (Verwoerd et a l . ,  1972). Each 
genome segment codes fo r  the synthesis o f a t least one v ir a l  
polypeptide. A ltogether seven s tru c tu ra l (VP1 -  VP7) and three 
non-structu ra l (NS1 -  NS3) v ira l  prote ins are produced (A lberdina 
et a l . ,  1988; Mertens et a l . ,  1984; Mertens et a l . ,  1987a; Gorman 
et a l . ,  1981; Huismans, 1979). The RNA genome is  surrounded by a 
core o f f iv e  polypeptides (VP1, VP3, VP4, VP6 and VP7) which is  
surrounded in  tu rn  by an outer capsid p ro te in  layer cons is ting  o f 
two fu r th e r polypeptides (VP2 and VP5) to  give a complete v ir io n  
p a r t ic le  w ith  a diameter o f 69nm (M artin and Zweerink, 1972; 
Huismans, 1979; Mertens et a l . ,  1984). The molecular weights o f the 
s tru c tu ra l polypeptides o f BTV as determined by Verwoerd et  a l .  
(1972) are as fo llo w s ; VP1 (140 x 103 daltons),VP2 (110 x 103 
da ltons), VP3 (101 x 103 da ltons), VP4 (82 x 103 da ltons) VP5 (61 x 
103 da ltons), VP6 (42 x 103 da ltons) and VP7 (29.5 x 103 d a ltons). 
VP7 has been shown to  be group s p e c ific , w hile VP2 is  serotype 
sp e c ific  (Huismans and Erasmus, 1981) w ith  VP5 playing a minor ro le  
(De V i l l ie r s ,  1974). The NS1 forms tub u la r s truc tu res (Huismans and 
E ls, 1979).
Bluetongue v iru s  may be s tab le  a t room temperature fo r  periods
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up to  a t least 25 years (N e itz , 1948). The v iru s  is  also p a r t ia l ly  
re s is ta n t to  l ip id  solvents and to  sodium deoxycholate (Borden 
et a h ,  1971), BTVs are most stable at pH 9 (Verwoerd, 1969) but 
they are acid sens itive  and are ra p id ly  inactiva ted  a t a pH below 
6.5 (Owen, 1964).
A number o f d if fe re n t c e ll lines  have been successfu lly  in fected 
w ith  BTV o f which the A frican green monkey kidney (Vero) and baby 
hamster kidney (BHK-21) c e ll line s  are most w idely used both fo r  
is o la t io n  and propagation o f viruses (Bando, 1975; Barber and 
Jochim, 1973; McPhee et a l . , 1982; Thomas et  a l . ,  1975). Recently 
intravenous inocu la tion  o f 11 day old embryonating chicken eggs 
(ECE) has become the most common method o f BTV primary is o la t io n  
due to  i t s  low cost, convenience and s e n s it iv ity  (Foster et  a l . ,  
1972; Goldsmit and B a rz ila i,  1968; Goldsmit and B a rz ila i, 1985;
Gard et a l . ,  1988).
d) The Vectors of BTV
The ro le  o f blood-sucking insects as vectors o f BTV was surmised 
(S p reu ll, 1902, 1905; Hutcheon, 1905) long before du T o it (1944) 
succeeded in  tra n sm ittin g  BTV to  sheep b io lo g ic a lly  w ith  Culicoides  
pa l l id ipenn is  ( C. imicola) in  South A fr ic a .
Worldwide, several species o f Culicoides have been incrim inated 
as being b io lo g ica l vectors o f BTV. In A u s tra lia  these include C. 
fu lvus, C. actoni,  C. b rev i ta rs is  and C. wadai (Standfast et  a l . ,
1985). In A fr ica  C. imicola is  the most important vector o f BTV 
(S e lle rs , 1984; M el!or et a l . ,  1984). The v iru s  has been iso la ted
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from other Culicoides species inc lud ing C. m i lne i  and C. 
tororoensis  (Davies and Walker, 1974; Walker and Davies, 1971) but 
th e ir  ro le  as b io lo g ica l vectors s t i l l  needs in ve s tig a tio n . In 
North America the only s ig n if ic a n t BTV vector im plicated to  date 
has been C. var i ipennis  (Foster et  a l . , 1963; Price and Hardy,
1954; Jones, 1985). Bluetongue v iru s  has also been iso la ted  from C. 
ins ign is  in  F lo rida  but b io lo g ica l transm ission has not been proven 
(Greiner et a h ,  1985). The v iru s  has been iso la ted  from C. 
obsoletus in  Cyprus (M ellor and P itz o lis ,  1979) and from C. imicola 
in  Is rae l (Braverman et a h ,  1985).
Although BTV may re p lica te  in  other insects or may occasiona lly 
be transm itted mechanically by Melophagus ovinus the sheep ked 
(Luedke et a h ,  1965) and possib ly Stomoxys (P.S. M e llo r, personal 
communication, 1989), th is  is  thought not to  be important in  the 
f ie ld  (Jennings and Boorman, 1980). However, the p o te n tia l o f t ic k s  
to  serve as a b io lo g ica l vector o f BTV has now been demonstrated 
and an argasid t ic k  ( Onithodoros coriaceus) has been shown to  
support v iru s  re p lic a tio n  (Je ffre y  et a h ,  1985). The importance o f 
t ic k s  as vectors or even as overw intering agents fo r  BTV remains to  
be f u l ly  investiga ted.
The d is tr ib u t io n  o f BTV corre la tes  c lose ly  w ith  areas in  which 
the competent vectors are found. Because o f the wide d is tr ib u t io n  
o f many susceptib le species o f Culicoides th is  involves a large 
area o f the globe between 40°N and 35°S (S e lle rs , 1981; Taylor, 
1986).
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1.10.2 Epizootic Haemorrhagic Disease (EHD) Serogroup
a) The V irus
Epizootic haemorrhagic disease (EHD) is  a disease p r in c ip a lly  o f 
the North American w h ite -ta ile d  deer ( Odocoileus v i rg in inus ) . I t  
was shown to  be o f v ira l ae tio logy by Shope et ah  (1955) and the 
f i r s t  v irus  is o la te  was designated the New Jersey s tra in  (EHDV1). A 
second serotype iso la ted  from deer in  Canada and designated the 
A lberta s tra in  (EHDV2) has been reported by Barber and Jochim 
(1975). Three fu r th e r EHD viruses have been iso la ted  from 
Culicoides species in  Ibadan, N igeria  and have been designated lb  
Ar 22619, lb  Ar 33853 and lb  Ar 49630. They have been shown to  be 
d is t in c t  from each other by n e u tra liza tio n  tes ts  (Moore, 1974). 
However, lb  Ar 22619 v iru s  was la te r  shown to  be s e ro lo g ic a lly  
re la ted to  EHDV1 (New Jersey) s tra in  (Moore and Lee, 1972; Moore, 
1974). The v irus  designated XBM/67, which has been iso la ted  in 
South A frica  is  considered to  be another d is t in c t  EHDV serotype 
(Verwoerd et a h , 1979).
Also included in  the EHD serogroup is  Ibaraki v iru s  which has 
been iso la ted  from c a tt le  in  Japan (Inaba et  a h ,  1966). This v iru s  
has been shown to  be c lose ly  re la ted to  EHDV2 by the plaque 
reduction n e u tra liza tio n  te s t (Campbell et  a h ,  1978). A number o f 
viruses have been iso la ted  in  A u s tra lia  (CSIRO 157, 439, 402, 753, 
775, DPP 59) and characterised as belonging to  the EHD serogroup 
(St. George et a h ,  1983; Gard et a h ,  1988a, 1988b). CSIRO 439 and 
402 viruses have been shown to  be c lose ly  re la ted to  both EHDV2 and 
Ibaraki and a l l  fou r v iruses are the re fo re  c la s s if ie d  as EHDV2
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(Campbell and St. George, 1986; Della-Porta et  a / . ,  1985). The 
other fou r A ustra lian  EHD viruses are considered to  be 
se ro lo g ic a lly  d is t in c t  from each other and to  comprise new EHDV 
serotypes (Campbell and St. George, 1986). Recently an un c lass ified  
EHD was iso la ted  from c a tt le  blood in  Bahrain and designated "EHDV 
318" by Dr. W. P. Taylor (unpublished data, 1985).
P u rifie d  EHDV has been shown to  contain 10 dsRNA segments 
ranging in  size from 2.5 x 10® to  0.32 x 10® daltons and a 
double-layered p ro te in  capsid w ith  fou r major and fo u r minor 
polypeptides (Huismans et a h ,  1979). Their molecular weights have 
been determined as fo llow s , VP1 (140 x 103) , VP2 (115 x 103) ,  VP3 
(101 x 103) , VP3A (92 x 103), VP4 (76 x 103), VP5 (62 x 103) ,  VP6 
(52 x 103), VP7 (29 x 103). Thus EHDV d if fe rs  from BTV in  th a t i t  
has an add itiona l minor polypeptide component (VP3A) which together 
w ith  the two major polypeptides (VP2 and VP5) form the ou ter capsid 
layer o f the v iru s . A d d itio n a lly  some corresponding minor and major 
polypeptides show small d iffe rences in  size between BTVs and EHDVs 
(Huismans et a h ,  1979). The nucleocapsid o f EHDV has been shown to  
conform to  the c h a ra c te ris tic s  o f the o rb iv iru s  genus and range in  
size between 50 and 60 nm (Lawman et a h ,  1977).
b) The Disease
EHDV1 (New Jersey s tra in ) has been shown to  cause disease in  the 
species from which i t  has been iso la ted  (W h ite -ta iled  deer) but no 
overt signs o f disease were seen in  domestic animals in  the 
v ic in i t y  (Shope et a h ,  1955). The c l in ic a l disease in  deer is
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characterised by feve r, and extensive haemorrhage in to  the tissues 
leading to  profound shock and death (Shope, 1967). Epizootic 
haemorrhagic disease is  s im ila r in  many c l in ic a l and pathogenic 
signs to  experimental bluetongue in deer. The major d iffe rences are 
the absence o f extensive buccal erosions and foo t lesions and a 
tendency towards thrombosis (Karstad and Tra iner, 1967). Ibaraki 
v iru s  causes an acute fe b r i le  disease in  c a tt le  w ith  s im ila r 
c l in ic a l and pathological signs to  bluetongue in sheep (Inaba 
et ah  , 1966).
Serological evidence fo r  EHDV in fe c tio n  o f sheep and c a tt le  has 
been reported by St. George (1985) and Moore and Kemp (1974). 
However, experimental in fe c tio n  o f B r it is h  sheep, goats and c a tt le  
w ith  EHDV1 has not resulted in  c l in ic a l disease and only low leve l 
viraemias have been recorded in  sheep and c a tt le  (Gibbs and Lawman, 
1977). Experimental in fe c tio n  o f West A frican dwarf sheep w ith  
Nigerian s tra in  o f EHDV ( lb  Ar 33853) has been attempted but no 
c l in ic a l disease or viraemias occurred (Tomori, 1980). A ll 
Austra lian  EHD viruses have been reported to  cause viraemias 
w ithout c l in ic a l disease in experim entally in fected c a tt le .
Viraemia has also been shown in sheep experim entally in fected w ith  
the same viruses but feve r, m ild il ln e s s , cutaneous and mucosal 
hyperaemia occurred only w ith  CSIRO 157, CSIRO 753 and CSIRO 775 
(S t. George, 1985).
C. var i ipennis  midges have been proven to  be vectors o f EHDV in 
the United States (Jones e t a h ,  1977). Experimental transm ission 
has also been demonstrated by th is  vector species 10 to  14 days
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a fte r  feeding on in fected deer (Foster et a h ,  1977).
1.10.3 Eubenangee Serogroup
Three serotypes are recognised w ith in  the Eubenangee serogroup; 
Eubenangee and T i l l ig e r r y  from A us tra lia  and Pata from A fr ic a . No 
disease has been associated w ith  any o f them (Gorman et a h ,  1983). 
Eubenangee v irus  was o r ig in a lly  iso la ted from a mixed pool o f 11 
species o f mosquitoes (Doherty et a h ,  1968), while T i l l ig e r r y  
v irus  has been iso la ted  from Anopheles annulipes (Gard et a h ,
1973). Pata v iru s  has been iso la ted from Ae. pal pal is  in  the 
Central A frican Republic (Karabatsos, 1985).
The Eubenangee serogroup o f viruses is  re la ted to  both EHDV and 
BTV. Pata v iru s  is  more c lose ly  re la ted to  the former group (Borden 
et ah , 1971), while T i l l ig e r r y  and Eubenangee viruses are more 
c lose ly  re la ted to  the la t te r  (F raz ie r and Shope, 1977; D ella-Porta  
et a h ,  1979). Seven new viruses re la ted to  Eubenangee have 
recently  been iso la ted  from arthropods, s ix  from A u s tra lia  and one 
from A fric a . Among the A ustra lian  iso la te s , fou r were from Cx. 
an nu l i ros t r is ,  one from An. fa rau t i  and one from C. marksi (Gorman 
et a h ,  1983; Gorman and Taylor, 1985). Their de ta iled  se ro log ica l 
re la tionsh ips  w ith  the other serotypes o f the Eubenangee serogroup 
have not yet been established. However, the is o la te  from An. 
f a ra u t i  (CSIRO 23) is  regarded as being a fo u rth  Eubenangee 
serotype (Knudson, 1986) and th a t from A fr ic a  (Ngoupe) iso la ted  
from mosquitoes is  a f i f t h  serotype (P o r te r f ie ld , 1989).
Doherty (1972) reported the presence o f antibodies to  Eubenangee
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serogroup viruses in  kangaroos, wallab ies and c a tt le  but th is  was 
not confirmed by St. George (1980), who was unable to  detect any 
antibodies to  Eubenangee serogroup viruses during h is  extensive 
sero log ica l investiga tions in  the sen tine l c a tt le  in A u s tra lia . I t  
has since been suggested th a t the antibodies Doherty detected were 
due to  non-specific  in h ib ito rs  in  the sera o f the animals tested 
(Gorman et  a h , 1983).
1.10.4 Palyam Serogroup
Six d is t in c t  serotypes have been reported by Gorman et ah  
(1983); Palyam, Kasba and V e llo re  from Ind ia ; D’ ^ g u i la r  from 
A u s tra lia ; Abadina from N igeria and Nyabira from Zimbabwe. Four 
add itiona l serotypes, CSIRO 11 (CSIRO V illa g e ) , CSIRO 58 (Bunyip 
Creek), CSIRO 82 (Marrakai) and DPP 66 have been recovered from 
c a tt le  blood in A us tra lia  (St.George et a h ,  1979; Gard et a h ,  
1988a),and a th ird  A frican is o la te , Petevo v iru s  has been iso la ted  
from Amblyoma variegatum in the Central A frican Republic (Knudson 
et a h ,  1984). Lee (1979) has also reported the is o la t io n  o f 44 
viruses re la ted to  Abadina v irus  from Culicoides species in  
N igeria . Recently Kagoshima v iru s  (KC-05Y84) has been iso la ted  from 
C. oxystoma in  Japan (Kurogi et a h ,  1989). The in d ire c t 
immunofluorescent s ta in ing  technique apparently suggests th a t th is  
v iru s  is  a n tig e n ic a lly  re la ted both to  D’ A^fguilar and Bunyip Creek 
viruses (Kurogi et a h ,  1989). However, n e u tra liza tio n  te s ts  
ind ica te  th a t Kagoshima v irus  has no re la tio n sh ip  w ith  D’ A^Jguilar 
v iru s  but i t  does have a one-way cross-reaction  w ith Bunyip Creek
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v iru s  (Kurogi et a h ,  1989). A sero log ica l survey in  Japan has
suggested th a t Kagoshima v iru s  is  w idely disseminated among c a tt le
(Kurogi e t a l . , 1989).
Cross-reactions between Abadina v iru s  and EHD and bluetongue
viruses in  AGID te s ts  have been demonstrated by Moore (1974).
Serological evidence fo r  the in fe c tio n  o f domestic ruminants by
Abadina v iru s  has been observed in  N igerian goats and c a tt le  but
not in sheep (Moore and Kemp, 1974). S im ila r ly  antibodies against
fou r A ustra lian  Pal yam viruses have also been detected in
Indonesian goats and c a tt le  but not in  sheep (Olson et a l . ,  1985).
The Pal yam serogroup viruses are unusual in  the d iv e rs ity  o f the
arthropods w ith which they are associated. They are presumed to  be
vector-borne because they have been recovered frequen tly  from blood
sucking arthropods such as mosquitoes, t ic k s  and Culicoides midges
(Knudson et a h ,  1984); but d e f in it iv e  labora tory experiments
proving b io lo g ica l transmission by arthropods have yet to  be
carried  out. The repeated is o la tio n  o f Nyabira v iru s  from aborted
GwJtfc&S
bovine foetuses in  -East A fr ic a  suggests th a t the Pal yam group o f 
viruses may have some ve te rina ry  o r pub lic  health importance 
(Swanepoel and Blackburn, 1976). However, the disease p o te n tia l o f 
the other viruses in th is  serogroup remains unknown.
1.11 Bunyaviridae
The Bunyaviridae is  the la rgest and most recently  described 
fam ily  o f arthropod borne viruses. I t  contains a number o f v iruses 
th a t are important pathogens o f man and domestic animals. Only in
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the la s t few years has the fam ily  been subdivided on morphological, 
sero log ica l and biochemical grounds in to  fou r genera (Bunyavirus, 
Phlebovirus, Uukuvirus and N airovirus) (Bishop and Shope, 1979; 
Matthews, 1982). A f i f t h  genus (Hantavirus) has recently  been 
proposed (McCormick et  a 7., 1982; Schmaljohn and Dalrymple, 1983).
Members o f the Bunyaviridae e x h ib it a common spherical 
morphology consisting  o f an undeveloped v iru s  p a r t ic le  (90-110nm in  
diam eter). There are two external g lycoproteins (G1 and G2) th a t 
appear to  be associated w ith  the envelope and three in te rna l 
nucleocapsids. Each nucleocapsid consists o f a s ing le  species o f 
negative p o la r ity  RNA [la rge  (L ), medium (M) or small (S )], a 
nucleoprotein (N) and minor qu a n titie s  o f a large p ro te in  
(L -p ro te in ) (Bishop and Shope, 1979; Bishop et  a l . , 1980; Bishop, 
1986).
A ll members o f the Bunyaviridae are considered to  be 
arthropod-borne w ith  the exception o f v iruses in  the newly proposed 
Hantavirus genus (Bishop, 1986).
1.12 Genus Bunyavirus
Some 157 viruses have been described in  th is  genus. They are 
arranged in  16 serogroups o f which Simbu serogroup is  one (Bishop,
1986). Viruses w ith in  th is  serogroup have been iso la ted  from a wide 
v a r ie ty  o f vertebrates and from a l l  zoogeographic regions o f the 
world. Akabane v iru s  is  the most extensive ly studied o f the Simbu 
serogroup and i t  is  the only v iru s  from the Bunyaviridae d e a lt w ith  
in  the present study.
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1.12.1 Simbu Serogroup
a) Akabane V irus
"Akabane" is  the name o f the v illa g e  in  Japan where the v irus  
was o r ig in a lly  iso la ted  in 1959 from Ae. vexans and Cx. 
tr i taeniorrhynchus  mosquitoes (Matsuyama et a l . , 1960; Oya et a l . ,  
1961). Subsequently the v iru s  was iso la ted  from C. b re v i ta rs is  in 
A u s tra lia  (Doherty et a l . ,  1972) and from An. funestus in  Kenya 
(Metselaar and Robin, 1976). More recently  i t  has also been 
iso la ted  from C. oxystoma in  Japan (Kurogi et a l . ,  1987). The v irus  
is  roughly spherica l, l ip id  enveloped and varies in size between 90 
and 100 nm in  diameter ( I to  et a l . ,  1979). I t  is  sens itive  to  ether 
and chloroform and i t  is  read ily  inactiva ted  by deoxycholate and 
try p s in . I t  is  very acid la b ile  (being ra p id ly  inactiva ted  a t pH 
3.0) and also very heat la b ile  (Takahashi et a l . ,  1978). The 
analysis o f RNA extracted from p u r if ie d  Akabane v iru s  demonstrated 
the presence o f three size classes o f s ing le  stranded RNAs w ith  
sedimentation c o e ffic ie n ts  o f 31S (la rge  L) 26S (medium M) and 13S 
(small S). The molecular weights o f these RNA species were 
estimated to  be 2.15 x 106 daltons, 1.5 x 106 daltons, and 0.48 x 
106 daltons fo r  the L, M and S RNAs, respective ly  (P attna ik  and 
Abraham, 1983). The v irus  p a r t ic le  contains fou r polypeptides. Two 
o f these are glycoproteins (G1, m.wt. 104 x 103, G2, m.wt. 33 x 
103) and form the major surface antigens on the v iru s  p a r t ic le .
Both o f these polypeptides are derived by p o s t-tra n s la tio n a l 
processing o f the gene product o f the M RNA segment. A large
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pro te in  (L, m.wt. 150 x 103) believed to  have transcrip tase  
a c t iv i ty  is  coded by the L RNA segment. A nucleocapsid p ro te in  (N, 
m. wt. 22 x 103) and another non-structu ra l p ro te in  (NS, m.wt. 15 x 
103) are both coded fo r  by the S RNA segment (P o r te rf ie ld  and 
D ella-Porta, 1981; Abraham et a l . ,  1986).
b) Akabane Disease
Akabane v iru s  causes outbreaks o f abortion and congenital 
arthrogryposis-hydranencephaly (AH) syndrome in c a tt le ,  sheep and 
goats (Inaba et a h ,  1975; Kurogi et a l . , 1975, 1976). Major 
ep izootics o f the disease have been reported in  Japan (Omori 
et a l . ,  1974), Is rae l (Markusfeld and Mayer, 1971) and A u s tra lia  
(D ella -Porta  et a l . ,  1976b). In both A u s tra lia  and Japan, Akabane 
v iru s  has been iso la ted in  the f ie ld  from foetuses from dams th a t 
had been n a tu ra lly  in fected w ith  v iru s  (Kurogi et a l . ,  1976; 
D ella-Porta et a l . ,  1977).
Experimental in fe c tion s  o f pregnant c a tt le ,  sheep and goats w ith  
Akabane v iru s  in  A us tra lia  and Japan have resulted in  foetuses 
developing the AH syndrome (Inaba et a l . ,  1975; Kurogi et a l . ,  
1977a, 1977b; Parsonson et a l . ,  1977). The detection o f antibodies 
to  Akabane v iru s  in the p re -co lo s tra l sera o f AH affected new-born 
animals is  a fu rth e r in d ica tio n  th a t th is  v iru s  is  the cause o f the 
syndrome (Miura et a l . ,  1974; Hartley et a l . ,  1975).
The geographical d is tr ib u t io n  o f the b it in g  midge C. b re v i ta rs is  
which is  regarded as the major vector o f Akabane in A us tra lia  is  
c lose ly  corre la ted w ith  the area o f endemicity o f the v iru s  as
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established by sero log ica l surveys (D ella -Porta  et a 7., 1976a; 
Cybinski et a h ,  1978). In A fr ic a , Akabane v iru s  has been iso la ted 
from An. funestus mosquitoes in  Kenya (Metselaar and Robin, 1976) 
and from Culicoides midges in  South A fr ica  (Theodoridis et a l . ,  
1979) but the ro le  o f these insects as b io lo g ica l vectors has not 
been established. Antibodies to  Akabane v iru s  have been detected in 
domestic and w ild  ruminants in  Kenya but no disease was encountered 
(Davies and Jesset, 1985). Antibodies have also been detected in  
the sera o f 25 species o f free  l iv in g  w ild  animals from 11 A frican 
countries south o f the Sahara (Al-Busaidy et  a l . ,  1987).
1.13 Aims of the Thesis
Arboviruses are widespread in many countries o f the world and 
are known to  be responsible fo r  several fa ta l fe b r i le  diseases o f 
man and animals. However, apart from a few general sero log ica l 
surveys on bluetongue and Akabane viruses (Herniman et a l . ,  1980; 
Hedger e t  a l . ,  1980; Al-Busaidy, 1985; Hafez and Taylor, 1985; 
Al-Busaidy et a l . ,  1988), there is  l i t t l e  de ta iled  inform ation 
regarding th e ir  a c t iv i ty  or importance in  the Arabian Peninsula. At 
the time th a t the present study was in it ia te d  no epidem iological or 
v iru s  is o la tio n  work on arboviruses had been carried  out in  the 
Peninsula, w ith  one exception ( is o la t io n  o f EHD 318 v iru s  from 
Bahrain by Dr. W.P. Taylor, personal communication, 1985).
The p rin c ip a l aim o f th is  p ro jec t has the re fo re  been tw o -fo ld ; 
f i r s t l y  to  id e n t ify  which arboviruses are commonly present in  the 
Arabian Peninsula and secondly to  gain a c lea re r understanding o f
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th e ir  epidemiology. This should enable the importance o f 
arboviruses to  animal husbandry in  the area to  be assessed so th a t 
appropriate contro l measures can by developed. In the m a jo rity  o f 
instances in fe c tio n  w ith  these viruses may occur w ithout the 
development o f overt disease. Therefore patterns o f v iru s  spread 
can only ra re ly  be observed and followed c l in ic a l ly .  I t  is  usua lly  
necessary to  carry out de ta iled  serum surveys, invo lv ing  the use o f 
sen tine l herds. In th is  study v iru s  a c t iv i ty  was monitored in  
several areas o f the Sultanate o f Oman over a 12 month period 
(1987-1988) using the sentine l herd technique described by Herniman 
et al.  (1983).
The work necessitated se ttin g  up 34 sentine l herds which were 
intended to  be sampled fo r  seroconversion to  BTV and re la ted 
o rb iv iruses on a monthly basis. The seasonal incidence o f BTV was 
investigated by re la tin g  the incidence o f seroconversion in  each 
herd to  time o f the year and to  c lim a tic  and other environmental 
fa c to rs .
A fu r th e r pa rt o f th is  study involved the c o lle c t io n , 
id e n t if ic a t io n ,  seasonal incidence, prevalence and d is tr ib u t io n  o f 
po ten tia l vector species o f Culicoides in  Oman. During the la s t 4 
months o f f ie ld  work (January to  A p r il ,  1988), the study was 
extended to  involve the is o la tio n  and id e n t if ic a t io n  o f the v iruses 
both from Culicoides and the sentine l animals. F ie ld iso la te s  
obtained in  th is  way were used to  in fe c t Culicoides in  the 
labora tory in  order to  confirm the s u s c e p tib ility  o f th is  group o f 
insects fo r  the iso la tes  and to  monitor th e ir  cycle o f re p lic a tio n
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in  arthropods. Also the genomic p ro f ile s  o f f ie ld  iso la tes  were 
compared w ith  each other and w ith prototype reference s tra in s  o f 
v iru s  using biochemical techniques.
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CHAPTER TWO
MATERIALS AND METHODS
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2.1 Sentinel Herds and Blood Collection
T h irty  fou r farms were chosen as s ite s  fo r  sen tine l herds e ith e r 
along the Batinah coast in  Northern Oman or a t Salalah in  Southern 
Oman (see Fig. 2 .1 ). A minimum o f 10 animals per farm were 
id e n tif ie d  and ear-tagged. Most o f the animals were goats aged 
between 6 and 12 months according to  th e ir  d e n titio n  (Sisson, 1953) 
except a t Rumais Government farm and Salalah Dairy farms where 
newly born calves were used. Monthly bleeding was undertaken from 
March 1987 to  March 1988 but whole blood fo r  v iru s  is o la t io n  work 
was co llected  only during the la s t three months, i .e .  January to  
March 1988.
A ll animals were bled from the jug u la r vein in to  10ml p la in  and 
also during the la s t three months, in to  10ml heparinized vacutainer 
tubes (Becton-Dickinson, Middlesex, U .K .). The blood was allowed to  
c lo t  in  the p la in  tubes. Subsequent to  c o lle c t io n , c lo tte d  blood 
fo r  sero log ica l te s tin g  and heparinized blood fo r  v iru s  is o la t io n  
procedures were despatched on ice to  Central Veterinary 
Inves tiga tion  Laboratory (C .V .I.L ) a t Rumais. At the C .V .I.L  the 
c lo tte d  bloods were centrifuged a t 3000 rpm fo r  5-10 minutes in  a 
bench cen trifuge . The serum was decanted in to  2ml m icrobottles 
(Anchor Glass, London) and stored a t -20°C u n t i l  tra nspo rta tion  to  
the U.K.
As fo r  the heparinized blood. A fte r ce n tr ifu g a tio n , the plasma 
was discarded and the packed c e lls  washed three times in  equal 
volumes o f normal sa line  before an equal volume o f OPG (0.5% w/v 
potassium oxalate, 0.5% w/v phenol, 50% v /v  g lycerine  and 50%
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d is t i l le d  water) was added. The mixture was stored a t 4°C e ith e r in  
5ml p la s tic  b o ttle s  (S te r i l in  Lim ited, Middlesex, U.K.) or in  the 
o r ig in a l vacutainers u n t i l  transpo rta tion  on m elting ice to  
P irb r ig h t, England. A ll samples were id e n tif ie d  by s e r ia l numbers.
2.2 Insect Collection
a) For Virus Isolation
Insects were co llected a t Rumais Government Research farms 
between January and May 1988 using the P irb r ig h t l ig h t  tra p , a 
m odifica tion  o f the Monks Wood l ig h t  tra p  (P.S. M e llo r, personal 
communication, 1988; Service, 1970). Two methods o f c o lle c t io n  were 
undertaken.
i )  The f i r s t  method was s im ila r to  th a t described by Herniman 
et  a 7. (1983) where insects were a ttrac te d  to  a 125 watt 
mercury vapour discharge lamp and impelled in to  a K iln e r ja r  
(see Plate 2.1) containing a so lu tion  o f Parke Davies A dd itive  
Medium, [PDAM (See Appendix)] contain ing 0.1% detergent as a 
w etting agent and 0.075mg/ml neomycin, 0.05mg/ml streptom ycin, 
25 iu/m l p e n ic i l l in ,  50 iu/m l polymyxin and 25 iu/m l 
mycostatin.
i i )  The second method involved the insects being co llec ted  in  a 
1 f t3 gauze-covered cage containing damp paper to w e llin g  (see 
Plate 2.2) to  prevent dessication (Jennings and M ello r, 1988). 
Culicoides species were id e n tif ie d  under a b inocular
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Plate 2.1 The P i rb r ig h t  l i g h t  t rap  w ith  k i l n e r  j a r .
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i iV
Plate 2.2 The P i r b r ig h t  l i g h t  t rap  w i th  1 f t 3 o f  gauze covered cage 
containg damp paper towel.
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stereomicroscope w ith in  12 hours o f capture. Male Culicoides 
were discarded since they do not blood feed and since there is  
no evidence to  suggest transovarian transmission in  Culicoides 
transm itted v iruses, while the females were i n i t i a l l y  separated 
in to  unengorged, parous and nu lliparous groups. Females were 
fu r th e r subdivided according to  species in to  three groups: C. 
imicola (see Plate 2 .3 ), C. schu l tze i  (see Plate 2.4) and C. 
other species. A ll Culicoides were kept in  m icrobottles w ith  
PDAM containing 1% a n t ib io t ic  stock so lu tion  (see Appendix) and 
labe lled  w ith  date o f c o lle c tio n  and the number o f insects . The 
insect co lle c tio n s  were stored a t -70°C u n t i l  required fo r  
shipment to  P irb r ig h t, U.K. in  liq u id  n itrogen. Blood engorged 
female Culicoides were not included in  the v iru s  is o la t io n  
procedures, since a p o s itive  is o la t io n  may re fe r only to  v iru s  
in  the blood meal which has no co rre la tio n  w ith  b io lo g ica l 
transmission.
b) For Population Dynamics
Insects were co llec ted  fo r  a study o f th e ir  population dynamics 
a t Rumais Government Research farm, a t Nakhal near Rostaq, and a t 
Salalah da iry  farm. Three P irb r ig h t type m iniature l ig h t  tra p s , 
which are a m od ifica tion  o f the Monks Wood l ig h t  tra p  (Service, 
1970) were operated from the mains supply v ia  a step down 
transformer were run from dusk u n t i l  dawn (P late 2 .5 ). C o llec tions 
were generally made over two n ights each week fo r  the whole year 
(1987). Insects were co llected in  sa line  w ith  a l i t t l e  weak
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Plate 2.3 P i rb r ig h t  ’ typ e ’ m in ia tu re  l i g h t  t rap .
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Pla te  2.4 Cul icoides imicola -  wing.
'u l i c o id e s  s c h u l t z e i  -  female
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detergent and were preserved in  form alin  to  give a f in a l 
concentration o f 7% (v /v ) . Excess f lu id  was then discarded and the 
catches trans fe rred  to  p la s t ic  dumpy b o ttle s  labe lled  w ith  the date 
and place o f c o lle c tio n  in  preparation fo r  shipment to  P irb r ig h t 
where the so rting  was undertaken by Drs. Boorman and M e llo r.
2.3 C ells
Baby hamster kidney-21, clone 13 (BHK-21) and A frican green 
monkey kidney (Vero) c e lls  were k ind ly  supplied by the Tissue 
Culture Production U n it, I.A .H . (P irb r ig h t Laboratory). Monolayers 
o f these c e lls  were stripped from glass or p la s tic  roux using a 
so lu tion  o f versene/trypsin (see Appendix) fo r  f iv e  minutes a t 
37°C. Cells were repassaged at a concentration o f 2 x 105 ce lls /m l 
in  a growth medium o f Glasgow modified Eagle’ s medium (GMEM) 
supplemented w ith 10% tryp tose phosphate broth (TPB), 10% c a lf  
serum and 1% a n t ib io t ic  stock so lu tion  using 25 cm2, 75cm2 and 
175cm2 p la s t ic  tissue  cu ltu re  fla sks  (Falcon, U.S.A.) and glass 
ro l le r  tubes. When the c e lls  were confluent the medium was changed 
to  maintenance medium consisting  o f  GMEM supplemented w ith  10% TPB, 
2% ox serum and 1% a n t ib io t ic  stock.
2.4 Viruses
a) Prototype Stock Viruses
The fo llo w in g  viruses were used from the stock v iru s  c o lle c t io n  
at the I.A .H . P irb r ig h t Laboratory. These had a l l  been passaged in  
BHK-21 c e lls ,  stored in  equal volumes o f PDAM and preserved over
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l iq u id  n itrogen.
1. Bluetongue v iruses: Serotypes 1 to  24
2. Japanese Akabane V irus JaGAr 39
3. EHDV2 (A lberta)
4. EHDV 318 (Bahrain)
5. A ustra lian  Akabane B8935, k ind ly  supplied by Dr. A. J. Forman, 
CSIRO, A u s tra lia .
b) Other viruses
1. Oman Iso la te  2 iso la ted  during the present study
2. Oman Iso la te  5557 iso la ted  during the present study
3. Oman Iso la te  47 iso la ted  during the present study
4. Oman Iso la te  11 iso la ted  during the present study
A ll these viruses were passaged in  BHK-21 c e lls  and stored in  
equal volumes o f PDAM at -70°C. The passage h is to ry  fo r  a l l  the 
viruses used in  th is  study is  shown in  Table 2.1.
2.5 Agar Gel Immunodiffusion (AGID) Reagents
a) Antigens
Standard antigens fo r  the fo llo w in g  viruses were supplied by the 
IAH, P irb r ig h t Laboratory:- BTV1, EHDV1 (New Jersey), EHDV2 
(A lberta) and EHDV (318).
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Table 2.1 Passage h is to r y  o f  the  v iru s e s  used in  th e  p resen t s tudy
Virus S tra in Passage h is to ry
BTV 1 E2 BHK7
BTV 2 E2 BHK3
BTV 3 BHK5
BTV 4 Asot 1 BHK7 V4
BTV 4 Egypt E60 BHK1
BTV 4 Turkey E1 BHK4
BTV 4 South A fr ica BHK6
BTV 4 Kenya BHK1
BTV 5 E2 BHK5
BTV 6 E3 BHK4
BTV 7 E1 BHK8
BTV 8 E1 BHK6
BTV 9 E3 BHK6
BTV 10 E1 BHK5
BTV 11 E1 BHK5
BTV 12 E1 BHK6
BTV 13 E1 BHK5
BTV 14 E1 BHK6
BTV 15 E1 LK6 BHK6
BTV 16 E2 BHK7
BTV 17 E2 LK7 BHK6
BTV 18 E1 BHK5
BTV 19 E3 BHK7
BTV 20 BHK8
BTV 21 V3 BHK10
BTV 22 E2 BHK1 CER1 BHK2
BTV 23 E1 CER2 BHK2
BTV 24 E1 CER4 BHK2
EHDV 2 A lberta BHK7
EHDV 318 BK1 BHK1 Bov 1 BHK3
Akabane V. JaG Ar 39 (Japanese) MB19 BHK6
Akabane V. B8935 (A ustra lian ) MB3 Bov 1 V2
Number denotes number o f passages
E = egg passage
BHK = BHK-21 c e lls
LK = lamb kidney c e lls
MB = mouse brain
V = Vero c e lls
CER = (u n id e n tifie d  c e ll lin e )
BK = bovine kidney 
Bov = bovine
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b) Antisera
Standard reference an tisera  fo r  the fo llo w in g  viruses were also 
supplied by the IAH, P irb r ig h t Laboratory:- BTV1-24, EHDV1 (New 
Jersey), EHDV2 (A lb e rta ), EHDV (318), EHDV 1b Ar 22619, EHDV 1b Ar 
33853, Iba rak i, Eubenangee, Pata, T i l l ig e r r y ,  SU 48 (Palyam), AHSV 
1, BEFV, C orriparta , Akabane and Palyam.
These an tisera  were obtained from convalescent animals fo llo w in g  
inocu la tion  o f l iv e  v iru s .
2.6 Agar Gel Immunodiffusion (AGID) Test
a) Production of Soluble Antigen
Monolayers o f BHK-21 c e lls  were in fected w ith  v iru s  a t a 
m u lt ip l ic i t y  o f in fe c tio n  (moi) o f 1.0. Following adsorption o f the 
v iru s  to  the monolayers a t 37°C fo r  30 minutes, the c e lls  were 
re-fed w ith  maintenance medium lacking serum. When monolayers 
exh ib ited  80-100% cytopath ic e ffe c t (CPE), c e lls  and medium were 
harvested and centrifuged a t 4000g fo r  15 minutes at 4°C in  an MSE 
6L cen trifuge . The supernatant was removed and kept separate ly. The 
p e lle t was suspended in  10ml o f supernatant and the c e lls  were 
lysed using an u ltra son ic  probe (Soniprep 150, MSE) a t an amplitude 
o f 30 microns fo r  60 seconds. The lysate was centrifuged using the 
same conditions as above. The two supernatants were pooled, an 
equal volume o f saturated ammonium sulphate (NH4)2S04 a t pH 7.4 
(Lefevre and Taylor, 1983) was added and the so lu tion  was held at 
4°C fo r  60 minutes. This so lu tion  was then centrifuged a t 4000g fo r  
15 minutes. The supernatant was discarded and the p e lle t
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resuspended in  approximately 50ml o f 0.85% sa line  before 
ce n trifug a tio n  a t 80000g fo r  60 minutes using a 6 x 100ml ro to r in  
a High Speed 25 cen trifuge  (MSE).
The supernatant was co llected  and an equal volume o f saturated 
(NH4)2S04 added to  i t .  This was held at 4°C fo r  another 60 minutes 
and was then centrifuged at 2000g fo r  30 minutes in  the High Speed 
25 cen trifuge  as described previously. The supernatant was 
discarded and the f in a l p e lle t resuspended in  0.85% sa line  to  
1/100th o f the o r ig in a l volume o f c e ll cu ltu re  harvest. This 
suspension was used as soluble antigen in  the AGID te s t.
b) The Test
The AGID te s t fo r  BTV group s p e c ific  p re c ip ita tin g  antibodies 
(Jochim and Chow, 1969) was conducted on microscopic s lid es  (s ize  
76 x 26mm). Each s lid e  was coated w ith  2ml o f 1% l i te x  HSA agarose 
(Park S c ie n t if ic  L im ited, Northampton, U.K.) in  borate b u ffe r (9.0g 
boric  acid + 2.0g sodium hydroxide in  one l i t r e  o f d is t i l le d  water, 
pH 9 .2 ). Wells were cut in  the agarose gel in  the form o f a 
s ix -w e ll rosette  around a centra l well using an agar-gel c u tte r  
(F ig . 2 .2 ). Three sets o f w ells were cut per s lid e . Each w ell was 
5mm in  diameter, w ith  a distance o f 8mm from the centre o f the 
peripheral w ells to  the middle o f the cen tra l w e ll. The so lub le  
antigen was added to  the centra l w e ll. A lte rna te  peripheral w e lls  
received te s t and p o s itive  contro l sera, respective ly (F ig 2 .3 ). 
Samples were also tested against negative con tro l antigen prepared 
from uninfected BHK-21 c e lls .
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< 5 mm ? 3 mm
Figure 2.2 D is tr ib u tio n  o f reagents fo r  bluetongue diagnosis in the 
AGID te s t .
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Figure 2.3 Types o f reactions fo r  bluetongue v iru s  in  AGID te s t .
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Figure 2.4 D is tr ib u tio n  o f reagents and types o f reactions in  the EHDV 
AGID te s t.
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When using the AGID te s t to  detect EHD v irus  group s p e c ific  
antibodies, the immune and te s t sera were placed in  the w ells as 
shown in (F ig . 2.4) so as to  enhance the lin e s  o f id e n t ity .
The s lides  were incubated at room temperature in  a hum idified 
chamber and examined against a dark background using a lig h t-b o x  
w ith  in d ire c t illu m in a tio n . D aily observations were made over a 
three day period and the f in a l reactions were recorded as fo llo w s :-
1. Negative ( - )  No reaction between te s t serum and soluble antigen 
or there may be a non-specific  reaction , i .e .  line s  o f 
no n -id e n tity .
2. P ositive  (+) A c lea r cut p re c ip ita tio n  lin e  midway between the 
te s t serum well and the con tro l antigen w e ll, i .e .  lin e s  o f true  
id e n tity .
2.7 The Blocking ELISA fo r the Detection of Bluetongue 
Group-Specific Antibodies
a) Preparation of the ELISA Antigen
The method used fo r  the preparation o f the ELISA antigen was 
th a t described by Manning and Chen (1980). Between 10 and 20 x 
175cm2 p la s tic  fla sks  o f BHK-21 c e ll monolayers were in fected w ith  
BTV serotype 1 at a moi o f 1.0, adsorbed fo r  1h and then maintained 
in  serum free  GMEM. When CPE was 80-100% complete the c e lls  were 
harvested and sedimented by low speed cen trifug a tio n  a t 1000g fo r
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15 minutes at 4°C using a MSE 6L cen trifuge  and one l i t r e  
cen trifuge  pots. The c e ll p e lle t was resuspended to  1/20th o f the 
o r ig in a l volume in ly s is  b u ffe r, pH 8.6 (see Appendix), sonicated 
on ice fo r  2 minutes using a Soniprep 150 (MSE) at an amplitude o f 
30 microns. Cell ex trac ts  were separated from large debris by 
ce n trifu g a tio n  at 10000g fo r  10 min using a 6 x 100ml ro to r and HS 
25 cen trifuge . The c e llu la r  p e lle t  was subjected to  two fu r th e r 
cycles o f ly s is  and son ication . The three supernatants were 
combined and layered on to  a 40% (w/v) sucrose cushion (0.02M t r i s  
buffered, pH 8 .6 ), and centrifuged at 100000g fo r  two hours a t 4°C 
using an SW28 swing out ro to r in  a Beckman L8-55 u ltra c e n tr ifu g e .
The f in a l p e lle t was resuspended in  5-10ml (0.02M 
tris -h y d ro c h lo r id e ) b u ffe r, pH 8.6, dispensed in  small volumes 
(0 .5 -1 .0ml) and stored at -70°C.
b) The Blocking ELISA Test
The te s t was performed as described by Anderson (1984) fo r  which 
a protocol is  shown in  Fig. 2.5.
polystyrene + antigen + te s t serum + HRPO-conjugated + substrate + H2SO4 
p la te  and MAb ra bb it anti-mouse OPD+H2O2
immunoglobulin
wash wash wash
Fig. 2.5 Protocol fo r  the blocking ELISA.
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Polystyrene ELISA pla tes (Nunc Immuno-plate 1, Gibco-Europe, 
U.K.) were used throughout. Bluetongue v iru s  type 1 mouse 
monoclonal antibody (MAb) 3-17-3A was k ind ly  supplied by Dr. J. 
Anderson, IAH, P irb r ig h t Laboratory. Optimum d ilu t io n s  o f both 
antigen and MAb were determined by tw o-fo ld  chessboard t i t r a t io n s  
in  an in d ire c t ELISA as described by Anderson (1984). Volumes o f 
50ul were used throughout the te s t and a l l  stages were incubated 
fo r  1h at 37°C on an o rb ita l shaker (Luckhams R otatest). The p la tes 
were washed three times between each step w ith  phosphate buffered 
sa line  (PBS), Dulbecco’ s m od ifica tion . The antigen was d ilu te d  in  
PBS and a l l  other reagents were d ilu te d  in blocking b u ffe r (PBS 
containing 3% bovine serum albumin (BSA) and 0.05% Tween 20). The 
p r in c ip le  o f the blocking ELISA is  based upon the a b i l i t y  o f te s t  
sera to  block the p re - t it ra te d  reaction between the antigen and the 
MAb. Following the adsorption o f the antigen onto the s o lid  phase 
a t the optimal d ilu t io n , the pla tes were washed and tw o-fo ld  
d ilu t io n s  o f te s t serum (from 1/2 to  1/16) were added, fo llowed 
immediately afterwards by monoclonal antibody a t the predetermined 
optimal d ilu t io n . A fte r adsorption fo r  1h a t 37°C and washing, 
horseradish peroxidase (HRPO)-conjugated ra bb it anti-mouse 
immunoglobulins (Dakopatts, U.K.) were added a t a d ilu t io n  o f 
1/1000. The plates were incubated a t 37°C fo r  one hour and then 
washed and the substrate, orthophenylenediamine (V o lle r et a 7., 
1979) (OPD, see Appendix), was added. Colour development was 
stopped by the add ition  o f 1M H2 SO4 when the expected 
(p re - t it ra te d )  absorbance value in  the contro l w ells  contain ing
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antigen and MAb alone was observed. Control w ells  contain ing 
p o s itive  and negative sera from the species under te s t were also 
included.
Optical density (O.D.) values were read on a multichannel 
spectrophotometer (T ite rte k  M ultiskan, Flow Laboratories) a t a 
wavelength o f 492nm and resu lts  expressed as the percentage 
in h ib it io n  calcu lated from the fo rm u la :-
100—[(O.D. in presence o f te s t serum /  O.D. in  absence o f te s t serum) x 100]
An in h ib it io n  value o f 50 per cent or above was considered s ig n if ic a n t.
2.8 The Liquid-Phase Blocking Sandwich ELISA fo r  the Detection o f 
Antibodies Against Akabane V irus
a) Preparation o f ELISA Antigen
Akabane v iru s  (JaGAr 39) was propagated in  monolayers o f BHK-21 
c e lls  grown in  30 x 175 cm2 fla sks . Eagle’ s medium (Glasgow 
m od ifica tion) in  the absence o f serum was used to  maintain the 
in fected c e ll monolayers. Tissue cu ltu re  f lu id  was harvested when 
80-100% CPE were observed. The in fected c e ll cu ltu re  f lu id  was 
c la r if ie d  by low-speed ce n trifu g a tio n  a t 2000 rpm fo r  30 minutes in 
an MSE 6L cen trifuge  to  remove c e ll debris . V irus was p re c ip ita te d  
from the c la r if ie d  cu ltu re  f lu id s  by adding an equal amount o f 6% 
polyethylene g lycol [PEG (Carborax 6000)]. A fte r 1h a t 4°C the 
virus/PEG mixture was centrifuged a t 2000 rpm fo r  30 minutes. The 
supernatant f lu id  was discarded and the p e lle t  resuspended in  40ml
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o f M/25 phosphate b u ffe r contain ing 0.1M NaCl. The resuspended 
antigen was then centrifuged at 24000 rpm using a Beckman SW-28 
ro to r fo r  2h at 4°C through 5ml sucrose cushion o f 40 and 65 per 
cent ( in  0.01M tris -H C l bu ffe r pH 7 .4 ). The fra c tio n  at the 
interphase between 40 and 65 per cent sucrose was co llected and 
stored at -70°C u n t i l  needed fo r  production o f v irus  s p e c ific  
an ti serum in  small animals.
b) Production of Virus Specific Antiserum in Small Animals
1. In Rabbits
New Zealand White rabb its  were each inoculated by the 
subcutaneous route w ith  2ml o f a homogenous emulsion o f the 
p a r t ia l ly  p u rif ie d  l iv e  v iru s  d ilu te d  1/10 and Freund’ s Complete 
Adjuvant (FCA) [(1ml o f 1/10 v iru s  in  M25 so lu tion  + 1ml o f FCA) 
D ifco Laboratories, U .S .A .]. A fte r fo u r weeks the rabb its  
received a second inocu la tion  o f v iru s  in  Freund’ s Incomplete 
Adjuvant. A fte r 12 days rabb its  were bled out from the heart.
The serum was decanted as described previously and stored a t 
-20°C u n t i l  required.
2. In Guinea Pigs
Each guinea pig (Dunkin-Hartley s tra in )  received a s ing le  
subcutaneous inocu la tion  o f 1ml o f l iv e  v iru s  in  FCA (0.5ml o f 
1/10 v iru s  in  M25 b u ffe r + 0.5ml o f FCA). A fte r fou r weeks the 
guinea pigs were exsanguinated and the serum decanted and stored 
a t -20°C.
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3. Reference Antisera
Both po s itive  and negative reference an tisera  against Akabane 
v irus  were k ind ly  supplied by the Department o f Experimental 
Pathology, In s t itu te  fo r  Animal Health, P irb r ig h t Laboratory.
c) The Liquid-Phase Blocking Sandwich/ ELISA Test
The p r in c ip le  o f the liqu id-phase ELISA (McCullough et a h ,
1985) was modified (Hamblin et a 7., 1986) and adapted fo r  the 
q u a n tif ic a tio n  o f Akabane v irus /a n tib od ie s  (Hamblin and A l-Busaidy, 
unpublished data, 1987). Fig. 2.6 shows a flow  diagram o f th is  
ELISA.
u a u t o  PHASE 
t e s t  s e r u m / v ir u s
\r
souo
phase
« A 38i r
ANTISEKUH
C U IN E A -P ta
AMTISERUM
ANTI-CUIHEA-PtC  
EHZYMC CONJUGATE
• a t
+  « « • « t t t
t t t 4 O 9 «
SUBSTRATE
- f "  H * S O .
Figure 2.6 Flow diagram o f the liqu id-phase blocking sandwich ELISA.
This ELISA was performed in  U-bottomed f le x ib le  po lyv iny l 
m ic ro titre  plates (Dynatech, England). A ll the d ilu t io n s  fo r  the 
reagents were pre-determined by tw o-fo ld  chequerboard t i t r a t io n  in  
an in d ire c t ELISA as described by Hamblin et  a 7. (1986). Reagents
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were used a t the optimal d ilu t io n s  g iv ing  a spectrophotometric
reading o f 1.5 O.D. a t 492nm.
The ELISA adopted was as fo llo w s : -
1. ELISA p lates were coated w ith  50ul o f Akabane ra bb it antiserum 
d ilu te d  1/8000 in  carbonate/bicarbonate b u ffe r [(pH 9.6) (V o lle r 
et ah , 1979)]. P lates were incubated overnight in  a humidity 
chamber at room temperature.
2. Duplicate tw o-fo ld  d ilu t io n  series o f each te s t serum d ilu te d  
from 1:4 to  1:128 in  phosphate-buffered sa line  (Dulbecco and 
Vogt, 1954) contain ing 0.05% Tween 20 and phenol red in d ic a to r 
(PBST), were prepared in U-bottomed complement f ix a t io n  p lates 
(c a rr ie r  p la tes ). F if ty  m ic ro litre s  o f a constant dose o f 
p re titra te d  v iru s  d ilu te d  1:32 in  PBST was added to  each well 
and the mixtures incubated overnight a t 4°C.
3. The carbonate/bicarbonate b u ffe r was discarded and the ELISA 
pla tes washed f iv e  times by flood ing  the w ells  w ith  PBS. Plates 
were b lo tted  to  remove residual washing b u ffe r.
4. 50ul o f the serum/virus mixtures were then transfe rred  from the 
c a r r ie r  p lates to  the ELISA plates and incubated a t 37°C fo r  1h 
on a ro ta ry  shaker.
5. A fte r washing and drying, 50ul o f Akabane guinea p ig antiserum, 
d ilu te d  1:1000 in  PBST containing 10% normal bovine serum was
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added to  each w e ll. The plates were then incubated as before.
6. The plates were again washed and dried and 50ul o f ra bb it 
an ti-gu inea pig immunoglobulin conjugated to  horseradish 
peroxidase (M iles Laboratories, England) a t a d ilu t io n  o f 1:4000 
in PBST contain ing 10% normal bovine serum. The p la tes were then 
incubated at 37°C fo r  1h on a ro ta ry  shaker.
7. The plates were washed, dried and 50ul o f OPD contain ing 0.05% 
H2 O2 (30% w/v) were added to  each w e ll.
8 . The reaction was stopped a fte r  15 minutes w ith  1.25M H2SO4.
Plates were read spectrophotom etrica lly a t 492nm on a T ite r te k  
Multiskan (Flow Laboratories) linked to  a microcomputer.
Controls in  each te s t included 48 w e lls  containing v iru s  d ilu te d  
in  PBST and a quadruplicate, tw o-fo ld  d ilu t io n  series o f homologous 
sheep reference antiserum.
Antibody t i t r e s  were expressed as the f in a l d ilu t io n  o f serum 
g iv ing  50% o f the mean O.D. value recorded in  the v iru s  con tro l 
w e lls  where serum was absent.
An in d ire c t antigen trapping ELISA was used to  confirm  the 
presence o f Akabane v iru s  in  f ie ld  iso la te s . The methods used were 
s im ila r to  those described e a r l ie r  fo r  the detection o f an tibod ies, 
however, in  th is  assay te s t sera was absent. The f ie ld  iso la te s  
were t i t r a te d  in  a tw o-fo ld  d ilu t io n  series between 1/2 and 1/4096.
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Virus in  each d ilu t io n  was then trapped onto ELISA pla tes 
previously coated w ith  p re - t it ra te d  ra b b it anti-Akabane serum. 
Trapped v iru s  was detected using guinea pig anti-Akabane serum. The 
amount o f the guinea pig an ti serum bound to  v iru s  was measured 
enzymatically w ith  ra bb it an ti-gu inea pig immunoglobulins 
conjugated to  horseradish peroxidase.
2.9 N eu tra liza tion  Tests 
Two methods were used:-
a) Serum n e u tra liza tio n  50 per cent End Point Estimation (SNso)
The te s t was performed according to  the method described by 
Herniman et al.  (1983). Sera which had been d ilu te d  in  PBS 
containing 0.2% BSA, 0.001% phenol red and inactiva ted  a t 56°C fo r  
30 minutes were screened at a f in a l d i lu t io n  o f 1/20 and 1/40 
against 100TCIDso o f v iru s  in  tissue  cu ltu re  m ic ro t itre  p la tes. 
Samples were tested in  duplicates. Equal volumes (100ul) o f the 
serum, and v irus  suspensions were dispensed in to  each well o f a 
m ic ro titre  p la te and incubated i n i t i a l l y  fo r  1h a t 37°C and then 
overnight at 4°C. Following th is ,  50ul o f BHK-21 c e ll suspension (5 
x 105 ce lls /m l) in  maintenance medium contain ing 2% c a lf  serum were 
added to  each w e ll. The m icroplates were sealed w ith  m icroplate 
tape, incubated at 37°C and examined fo r  the presence o f CPE three 
and f iv e  days la te r . V irus and p o s itive  and negative serum con tro ls  
were included w ith  each batch o f serum tested. Tests were repeated
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i f  the v irus  contro l t i t r e  exceeded 200 TCIDso. Sera which 
contained antibodies to  any v iru s  at a d ilu t io n  greater than 1/40 
were t i t r a te d  using doubling d ilu t io n s  from 1/20 to  1/640. The SNso 
t i t r e  was calcu lated using the method o f Karber (1931) and 
expressed as the f in a l d ilu t io n  o f serum able to  p ro tect 50 per 
cent o f the in d ica to r c e lls  against 100 TCIDso o f v iru s .
b) Determination of Neutralization Index (N .I . )
Heat-inactivated sera at a d ilu t io n  o f 1/10 were tested against 
equal volumes (100ul) o f s e r ia l 10-fo ld d ilu t io n s  o f v iru s  in  
tissue  cu ltu re  m ic ro t itre  p la tes. The mixtures were incubated at 
37°C fo r  1h and then a t 4°C overnight. Ind ica to r c e lls  were added 
to  each well a t a concentration o f 5 x 105/ml and the p la te  
incubated a t 37°C, the p lates were examined fo r  CPE on days 3 and 5 
as described previously. The log n e u tra liza tio n  index was expressed 
as the log t i t r e  o f challenge v iru s  incubated w ith  negative con tro l 
serum, minus the log t i t r e  fo llow ing  exposure to  te s t serum.
Indices higher than 1.0 were regarded as being s ig n if ic a n t.
2.10 Virus Isolation
a) From Blood
The procedure used was th a t described by Gard et a l.  (1988b).
The blood and OPG mixture (see Section 2.1) was d ilu te d  1 in  10 in  
PBS supplemented w ith  0.2% BSA and 1% a n t ib io t ic  stock, before 
inocu la tion  in to  each o f three v iru s  is o la t io n  systems.
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1. Embryonating Chicken Eggs (ECE)
Eleven day old ECEs were f i r s t  candled and a prominent vein 
marked. A "window" was d r i l le d  around the marked vein and the 
she ll removed. 0.1ml o f the blood-OPG m ixture was then 
inoculated in to  the vein v ia  a 1ml syringe and needle (27G x 
1 /2 ). Five eggs were used fo r  each sample. The inocu la tion  s ite s  
were sealed w ith  adhesive p la s tic  tape. The eggs were then kept 
at 33°C in  an egg incubator and candled d a ily  fo r  seven days.
ECE dying on the f i r s t  day post in fe c tio n  were discarded, but 
hearts were harvested from embryos dying on subsequent days. 
These were ground up and passaged in  fu r th e r embryonating eggs 
and BHK-21 c e lls . Apparently negative samples were b lind  
passaged in eggs and tissue  cu ltu re  at least once before being 
discarded to  avoid missing v iru s  iso la tes  o f low pathogen ic ity .
2. Suckling Mice
Two to  three day old new born suckling mice (Charles R iver 
s tra in )  were each inoculated in tra c e re b ra lly  w ith 0.02ml o f the 
1/10 d ilu t io n  o f blood using f iv e  mice per sample (Boorman and
D raper, 1968; Cybinski and Zakrzewski, 1983). The mice were
/
observed d a ily  fo r  7 days, those dying w ith in  the f i r s t  24 hours 
were discarded as being non-specific . Those mice showing severe 
symptoms o f pa ra lys is  and incoord ination o r those th a t died 
a fte r  the f i r s t  24 hours were exsanguinated and th e ir  heads 
stored a t -70°C u n t i l  needed.
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3. BHK-21 Cells
Twenty fou r hour o ld monolayers o f BHK-21 c e lls  In p la s tic  
25cm2 flasks  or in  glass ro l le r  tubes (125 x 15mm) were 
inoculated w ith  0.2ml o f the 1/10 d ilu t io n  o f blood. Following 
adsorption a t 37°C fo r  30 minutes, the monolayers were re-fed 
w ith  Eagle’ s maintenance medium, re-incubated and examined d a ily  
fo r  7 days fo r  CPE.
b) From Culicoides Insects
The procedure used was th a t described by M ellor et ah  (1984). 
Pools o f unengorged parous female midges about 50 or less were 
ground in  G r i f f i t h  tubes containing 3.6ml o f PBS supplemented w ith  
0.2% bovine serum albumin and 1% a n t ib io t ic  stock. The suspensions 
were c la r if ie d  by ce n trifug a tio n  at 2000g fo r  5 minutes. V irus 
is o la t io n  was attempted from each group using s im ila r methods as 
described previously in  Section 2.10 w ith  the add itiona l use o f an 
insect c e ll lin e  -  Aedes albopictus  (supplied by Dr. D.M.
Jennings).
2.11 Cloning of Viruses
a) Cloning by Limiting Dilution
BHK-21 c e lls  were grown in m ic ro t itre  p lates (Nunc -  fla tb o tto m ) 
in  100ul volumes/well using a concentration o f 5 x 105 c e lls /m l in  
Eagle’ s growth medium. The plates were incubated a t 37°C overn ight. 
By the fo llo w ing  day the c e ll sheet was confluent. Ten-fo ld 
d ilu t io n s  o f v irus  were prepared over the range 10~2 to  10“ 9 in  PBS
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d ilu e n t and 100ul o f each d ilu t io n  was added to  each o f 12 w e lls . 
The plates were then sealed and re-incubated fo r  f iv e  days. A fte r 
th is  time the medium was harvested from those w ells  which had 
received the highest d ilu t io n  o f v iru s  and also showed CPE. This 
medium was used to  inoculate a monolayer o f BHK-21 c e lls  in  a 75cm2 
f la s k . When CPE reached 70-100% the v iru s  was harvested and then 
stored in  PDAM at -70°C u n t i l  required fo r  fu r th e r plaque 
p u r if ic a tio n s .
b) Plaque Purification Method
Monolayers o f BHK-21 c e lls  were established in  60 x 15mm tissue  
cu ltu re  pe tri-d ish es  (Falcon, U .S .A .). When the c e lls  became 
confluent the growth medium was discarded and the monolayers were 
washed once w ith s te r i le  PBS. Duplicate p la tes were inoculated w ith  
0.2ml each o f 10-fo ld d ilu t io n s  o f v irus  in  PBS (d ilu e n t)  covering 
the range 10~3-° to  10_8-° log 10 TCIDso o f v iru s . The v iru s  was 
allowed to  adsorb fo r  40 minutes a t 37°C under 3% CO2 tension and 
then 5ml o f overlay medium (see Appendix) was added to  each p la te . 
The p lates were incubated a t 37°C under 3% CO2 tension fo r  a 
fu r th e r 3-4 days and then 3ml o f a second overlay medium cons is ting  
o f 0.85% sa line  supplemented w ith  0.6% (w/v) agarose indubiose A37 
(IBF, France) and 0.01% neutra l red was added to  each p la te .
Following incubation fo r  a fu r th e r 2h, s ing le  plaques were 
picked w ith  s te r i le  Pasteur p ipe ttes from the p la te  w ith  leas t 
number o f plaques and stored in d iv id u a lly  in  3.6ml PBS conta in ing 
0.2% BSA and phenol red. Two fu r th e r plaque p u r if ic a t io n s  fo llo w in g
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the above procedure were carried  out on v iru s  grown from the 
harvested plaques. V irus from the th ird  p u r if ic a t io n  was am plified 
in  BHK-21 c e ll monolayers and was stored in PDAM at -70°C in  1ml 
a liquo ts  u n t i l  required.
2.12 Electron Microscopy
Droplets o f the supernatants from v iru s - in fe c te d  BHK-21 
monolayers showing 80-100% CPE were adsorbed onto formvar 
carbon-coated copper g rids  fo r  2 minutes. They were then stained 
e ith e r w ith 2% methylamine tungstate or phosphotungistic acid (pH 
7.4) and examined fo r  the presence o f v irus  p a rtic le s  using a 
transmission e lectron microscope (JE 1200 Ex. Jeol Lim ited, Japan).
2.13 Production of Virus Specific Antiserum In Large Animals
a) Preparation of Antigen
To avoid anti-BHK and an ti-bov ine a c t iv i ty  in the immune 
sera, the immunizing v iru s  was propagated in Vero c e lls  grown in  
serum free medium. V irus was harvested when CPE reached 90-100 
per cent. The in fected tissue  cu ltu re  f lu id  was centrifuged to  
remove the c e ll debris and the supernatant was dispensed in  
small volumes and stored a t 4°C u n t i l  in jec ted  in to  animals.
b) Inoculation of Animals
Four adult black-faced B r it is h  sheep were each inoculated 
subcutaneous!y w ith  1ml o f tissue  cu ltu re  f lu id  contain ing an 
Oman f ie ld  is o la te . A fte r three weeks each sheep received a
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fu r th e r 1ml o f the same Oman iso la te  v ia  the I/V  route. Seven to  
10 days a fte r  the la s t in je c tio n  blood was co llected and tested 
fo r  serum antibod ies.
A ll the sheep were housed in  a high secu rity  is o la tio n  u n it 
a t the In s t itu te  fo r  Animal Health, P irb r ig h t Laboratory. A ll 
the sera were stored at -20°C u n t i l  required.
2.14 Extraction o f BTV-dsRNA from In fected Tissue Culture C e lls  
For each BTV type 4 s tra in  (Turkey, Asot 1, Kenya, South A fr ic a , 
Egypt, Oman iso la tes  5557 and 2), fou r 175cm2 p la s tic  tissue  
cu ltu re  flasks  o f BHK-21 monolayers were each in fected w ith  v iru s  
a t a moi o f approximately one TCIDso. When CPE was 80 to  100 per 
cent complete the c e lls  were pe lle ted  by ce n trifug a tio n  a t 2000g 
fo r  30 minutes and the supernatant discarded. The c e llu la r  p e lle t  
was resuspended in 10ml TNET bu ffe r (50mM tr is -H C l, pH 8.0, 0.2M 
NaCl, 5mM EDTA, 0.5% T rito n  X—100), and disrupted using a glass 
homogeniser (10 s trokes). The nuclei were re -pe lle ted  by 
cen trifu g a tio n  at 800g fo r  10 minutes and the supernatant removed 
and kept a t 4°C. The p e lle t was re-suspended in  10ml o f fresh  TNET 
bu ffe r and re-extracted as before. The two supernatants 
(cytoplasmic e x tra c t) were pooled and sodium dodecyl sulphate (SDS) 
added to  a f in a l concentration o f 0.1 per cent. Proteinase K 
(Sigma, U.S.A.) was added to  the cytoplasmic ex trac t a t a 
concentration o f 100ug/ml and the m ixture was incubated a t 37°C fo r  
2 hours. The mixture was e q u ilib ra ted  w ith  d ith io th re ito l (DTT) to  
give a f in a l concentration o f 10mM/ml and extracted w ith  an equal
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volume o f phenol/chloroform (1 :1 ). The two phases were separated by 
ce n trifu g a tio n  (2000g fo r  f iv e  m inutes), the aqueous phase was 
removed and re-extracted three fu r th e r times w ith 
phenol/chloroform. The f in a l aqueous phase was washed three times 
w ith  d ie th y l ether to  remove any traces o f phenol or chloroform, 
and the nucle ic acid p rec ip ita ted  by the add ition  o f 2.5 volumes o f 
ethanol stored at -20°C overnight. The p rec ip ita ted  nucle ic acid 
was pe lle ted  by cen trifug a tio n  a t 2000g fo r  30 minutes at 4°C, 
washed f i r s t  w ith  ethanol and then w ith  d ie thy l ether and dried at 
room temperature. The nucle ic acid was i n i t i a l l y  re-suspended in  
5ml DNase b u ffe r (20mM tr is -H C l, 10mM MgCl2, pH 7.4) and 
deoxyribonuclease 1 (Boehringer-Mannheim, West Germany) was then 
added to  a f in a l concentration o f 100ug/ml. The m ixture was 
incubated a t 37°C fo r  2 hours and NaCl added to  give a f in a l 
concentration o f 0.3M. Subsequently i t  was digested w ith  
ribonuclease A (Sigma, USA) a t a f in a l concentration o f 2ug/ml, fo r  
one hour a t 37°C. Sodium dodecyl sulphate was added a t a 
concentration o f 0.1 per cent and the sample was digested w ith  
proteinase K (100ug/ml f in a l concentration) fo r  two hours a t 37°C. 
The re su ltin g  m ateria l was phenol/chloroform extracted, ether 
washed and ethanol p rec ip ita ted  as previously described. The 
p rec ip ita te d  m ateria l was spun down at 2000g fo r  30 minutes. The 
p e lle t was re-suspended in  200ul o f deionized d is t i l le d  water, 
transfe rred  to  an Eppendorf tube and p rec ip ita ted  w ith  ethanol at 
-20°C. The p rec ip ita ted  nucle ic acid was then stored a t -20°C u n t i l  
required.
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2.15. P u r if ic a tio n  o f BTV-dsRNA through Sephadex-G200 Column 
Sephadex-G200 (Pharmacia L td .) was allowed to  swell in  NTE 
b u ffe r (50mM tr is -H C l, pH 8.0, 0.2M NaCl, 5mM EDTA) contain ing 1 
per cent SDS. The swollen sephadex was then poured in to  a Pasteur 
p ip e tte  plugged w ith s i 1 iconised nylon wool u n t i l  a uniform column 
o f 9 to  10cm length was formed, leaving about 0.5cm at the top. The 
column was washed w ith  NTE bu ffe r containing 1 per cent SDS before 
the sample was loaded. The p rec ip ita ted  nucle ic acid in  ethanol, 
prepared as described previously, was spun down a t 6500 rpm fo r  two 
minutes in  a microfuge (Micro Centaur, MSE) and washed tw ice w ith  
fresh ethanol and once w ith ether before being dried a t room 
temperature. The dried p e lle t was re-dissolved in  100ul b u ffe r (NTE 
containing 0.1 per cent SDS) and loaded onto the column. The 
Eppendorf tube was washed f i r s t  w ith  100ul and then w ith  a fu r th e r  
200ul o f b u ffe r and the re su lting  m ateria l also added to  the 
column. Thereafter, the column was washed w ith  200ul volumes o f 
b u ffe r and the eluent was co llected  in  200ul a liqu o ts  in  a to ta l o f 
ten fra c tio n s  w ith  the exception th a t the f i r s t  fra c tio n  co llec ted  
contained tw ice the volume. D ilu tion s  (1/50) were made from each 
fra c tio n  in  a second set o f fresh Eppendorf tubes (10ul e luent plus 
500ul d is t i l le d  water) and the op tica l density (OD) o f the d ilu te d  
fra c tio n s  was measured a t a wavelength o f 260nm in  a 
spectrophotometer (Shimadzu d ig ita l double-beam spectrophotometer 
UV-150-02, Japan). The OD2 6 0  readings from the ten d ilu te d  
fra c tio n s  were p lo tted  on graph paper and the fra c tio n s  forming the
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f i r s t  and smaller o f the two peaks (conta in ing most o f the dsRNA) 
were pooled, divided in to  three equal volumes in Eppendorf tubes 
and p rec ip ita ted  w ith  ethanol at -20°C.
2.16. Labelling of the 3* Ends of the BTV-dsRNA
Following G200 column p u r if ic a t io n , the p re c ip ita ted  dsRNA was 
washed tw ice w ith  ethanol, once w ith  ether and dried as already 
described. The p u r if ie d  dsRNA was labe lled  at the 3* terminus using 
3’ 5’ -cytos ine [5 ’ - 32P] diphosphate (pCp) and RNA ligase as 
described by England et ah  (1980). The m ixture was incubated 
overnight a t 4°C and the reaction stopped by the add ition  o f an 
equal volume o f 2 x PAGE sample b u ffe r (0.06M T ris /H C l, pH 6.8, 2% 
SDS, 10% g lyce ro l, 5% 2-mercaptoethanol and 0.01% bromophenol blue; 
Laemmli, 1970). The samples were then stored frozen a t -20°C.
2.17 Preparation and [35S]-Methionine Labelling of Virus Induced 
Proteins in Infected BHK-21 Cells
BHK-21 c e ll monolayers in  4-well m u lti-d is h  (Nunclon Intermed) 
were in fected w ith v iru s  a t a m u lt ip l ic it y  o f in fe c tio n  o f 
approximately one TCIDso. The v irus  was allowed to  adsorb fo r  15 
minutes at 37°C under 3% CO2 tension. Maintenance medium (Glasgow 
modified Eagle’ s medium [(GMEM) contain ing 2% c a lf  serum, 10% 
tryp tose phosphate broth and 1% a n t ib io t ic  stock s o lu tio n ] was 
added to  each well and the m u lti-d ish  re-incubated u n t i l  when CPE 
was ju s t v is ib le ,  a fte r  18 to  36 hours post in fe c tio n  the medium 
was removed from each well and replaced w ith  m ethionine-free
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Eagle’ s medium (Flow Laboratories) thus s tarv ing the c e lls  o f 
methionine. In some experiments tunicamycin 1ug/ml was added during 
s ta rva tion . A fte r 1 hour the medium was removed and the c e lls  were 
labe lled  w ith  100ul o f [ 35S]-methionine (50uCi/ml, Amersham, UK) in 
each well and re-incubated a t 37°C fo r  a fu r th e r 2-4 hours. The 
[ 35S]-methionine was d ilu te d  in the same m ethionine-free medium. 
Since "shut o f f "  o f host c e ll p ro te in  synthesis by both Akabane 
v irus  and BTV in th is  system is  known to  be complete by 24-36 hours 
post in fe c tio n  (McPhee and D ella-Porta , 1981; P.P.C. Mertens, 
personal communication, 1989). Labe lling  between 18-36 hours should 
therefore ensure th a t background c e llu la r  pro te in  synthesis is  kept 
to  a minimum. A mock-infected c e ll contro l was also included.
2.18 Harvesting of Cells
A fte r 2 hours o f incubation a l l  the labe lled  medium was 
c a re fu lly  removed and standard procedures fo r  handling rad ioactive  
materia l observed. The in fected and mock-infected c e lls  were 
harvested under c h ille d  conditions in  order to  prevent enzyme 
p ro teo lys is . To each well 100ul o f radioimmune p re c ip ita tio n  assay 
(RIPA) b u ffe r (see Appendix) was added. The c e lls  were scraped o f f  
the surface and the RIPA c e ll lysa te  was transfe rred  to  a microfuge 
tube and then c la r i f ie d  by ce n trifu g a tio n  fo r  20 minutes on 
re frige ra ted  m icro-cen trifuge (CENTRA-3 RS) a t 10000 rpm. The 
supernatant o f the RIPA c e ll lysate was transfe rred  to  a fresh 
microfuge tube and stored a t -20°C u n t i l  required. These are 
re ferred to  subsequently as RIPA c e ll lysates.
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2.19. Analysis o f Total Proteins
Proteins were denatured and analysed in  polyacrylamide gels as 
described by Laemmli (1970). F ifteen m ic ro litre s  o f Laemmli gel 
loading bu ffe r (see Appendix) was added to  a 15ul a liq u o t o f each 
sample taken from the RIPA c e ll lysate prepared as described in
2.18 and the m ixture bo iled immediately fo r  3-4 minutes in  order to  
denature the p ro te ins. The samples were then stored a t -20°C u n t i l  
required fo r  analysis by  polyacrylamide gel e lectrophoresis (PAGE) 
fo r  comparative stud ies.
2.20. Radio-Immune P re c ip ita tio n  Assay Using Hyperimmune Sera
To each 100ul o f RIPA c e ll lysate a 1Ou1 a liq u o t o f hyperimmune 
sera was added, mixed and le f t  on ice fo r  1-2 hours, w ith  a g ita tin g  
from time to  time during th is  period. Then 25ul o f p ro te in  
A-Sepharose 4B-CL (Pharmacia) re-suspended in  RIPA bu ffe r (a t 
1g/7ml) was added to  each p re c ip ita tio n  sample, mixed and le f t  on 
ice fo r  a fu r th e r 1-2 hours, again w ith  pe riod ic  a g ita tio n . The 
pro te in  A-Sepharose/serum/ RIPA c e ll lysate p re c ip ita te s  were then 
pe lle ted  by ce n trifu g a tio n  in  a microfuge fo r  2 minutes a t 10000 
rpm. The supernatant was discarded and the p e lle t washed 
(re-suspended) in  1ml o f RIPA bu ffe r and pe lle ted  as above. This 
was repeated f iv e  times w ith  RIPA bu ffe r and then tw ice w ith  PBS. 
Then 50ul o f Laemmli gel loading bu ffe r was added to  each sample 
p e lle t and the suspension boiled fo r  3-4 minutes. The samples were 
then centrifuged fo r  2 minutes in a microfuge a t 10000 rpm and the
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p rec ip ita ted  pro te in  supernatant trans fe rred  to  a clean tube and 
stored at -20°C u n til^ re q u ire d  fo r  PAGE analysis.
2.21 Polyacrylamide Gel Electrophoresis (PAGE)
Virus prote ins were analysed using discontinuous polyacrylamide 
gel e lectrophoresis (Laemmli, 1970). Molecular weights o f p ro te ins 
spec ified  by Akabane v iru s  were determined by comparison w ith  the 
co-m igration o f the fo llo w in g  [ 14C]methylated standards in  
parenthesis; myosin (200 x 103) ,  phosphorylase a and b (100 and 
92.5 x 103) , bovine serum albumin (69 x 103), ovalbumin (46 x 103), 
carbonic anhydrase (30 x 103) and lysozyme (14.3 x 103). The 
m igration o f the standards versus the log o f th e ir  molecular 
weights was subjected to  lin e a r regression analysis and molecular 
weights o f the v irus  prote ins ca lcu la ted by f i t t i n g  to  the curve. 
Protein samples were electrophoresed between 10 and 17% gels (see 
Appendix fo r  recipe) which were prepared as fo llo w s :-
a) Preparation of Glass-Plate (mould) fo r PAGE
Glass p la tes were prepared by washing thoroughly w ith  a 
strong l iq u id  detergent using a brush followed by d is t i l le d  
water and f in a l ly  w ith  a lcohol. The glass p la tes were assembled 
w ith the appropriate side spacers (1mm th ic k ) ,  s lo t  formers and 
a rubber seal between the glass p lates sandwiched across the 
bottom and the sides to  contain the liq u id  w hile i t  polymerized. 
The seal was re inforced by pu ttin g  bulldog clamps along the side 
and the bottom o f the p la tes. The gel mould was ready fo r
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casting.
b) C asting  th e  Gel
A fte r a w a te r-tig h t gel mould w ith  p la s tic  spacers was 
assembled, a discontinuous (2 layered) polyacrylamide gel was 
prepared. The main separating gel components (see Appendix) were 
mixed. TEMED and fresh 10% ammonium persulphate so lu tions which 
catalyse the polymerization reaction were added ju s t  before the 
gel was poured. The separating gel was c a re fu lly  poured in to  the 
gel mould and a space o f 1 inch was le f t  a t the top. The 
separating gel was then overlayed w ith  water-saturated butanol 
to  ensure an even surface and i t  was then le f t  u n t i l  set (w ith in  
an hour). Once the polymerization had taken place the overlay 
was removed and the surface o f the gel c a re fu lly  dried w ith  
folded f i l t e r  paper.
The stacking gel (see Appendix) was then la id  onto the 
separating gel and the s lo t former inserted making sure no a ir  
bubbles were trapped under the tee th . A fte r about 20 minutes, 
when polym erization had occurred the s lo t former was c a re fu lly  
removed, leaving a number o f rectangular spaces in  which the 
samples could be loaded. The spaces were then washed w ith  
pro te in  gel running bu ffe r (see Appendix) and the sides o f the 
s lo ts  were straightened up. The sealing tube was then removed 
and the glass plates were attached to  the S tud ier type 
e lectrophoresis apparatus (see Plate 2.6) by a series o f bulldog 
clamps. A seal between the upper and lower bu ffe r chambers was
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made by clamping a s il ic o n  rubber tube between the glass p la te  
sandwich and the apparatus and the chambers were then f i l l e d  
w ith  running bu ffe r.
c) Loading of Samples and Running of the Gel
25ul o f each sample were loaded in to  the sample w e lls  using a 
Gilson p ipe tte  on v e r t ic a l slab gels immersed in running bu ffe r. 
The proteins were electrophoresed a t 50V fo r  approximately 16 
hours u n t il the bromophenol blue dye had reached the bottom o f 
the gel. At the end o f the run the gels were fixed  fo r  a minimum 
o f 30 minutes in  12.5% g la c ia l ace tic  acid/30% methanol and then 
transfe rred  onto f i l t e r  paper and covered w ith  a cellophane fo r  
drying on a vacuum dryer and autoradiography.
2.22 Fluorography of Polyacrylamide Gels
For the immunoprecipitated samples the gels were fluorographed 
before exposure to  X-ray f i lm ,  in  order to  enhance the s e n s it iv ity  
o f detection o f the ra d ia tio n . The gels a fte r  being fixe d  in  
g la c ia l ace tic  acid and methanol were dehydrated by tw ice placing 
on a shaker in  dimethylsulphoxide (DMSO) fo r  one hour each time. 
They were then soaked in 22% w/v PPO in  DMSO (see Appendix) fo r  a 
fu r th e r two hours. The PPO/DMSO so lu tion  was then c a re fu lly  drained 
o f f  and kept fo r  re-use. The gels were placed under slow ly running 
tap water fo r  30 minutes to  re-hydrate and to  p re c ip ita te  the PPO 
in  the gel. They were then placed on the f i l t e r  paper and covered 
w ith  cellophane fo r  drying. The gels were dried fo r  two hours under
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vacuum. The dried gels were placed in  contact w ith  X-ray f i lm  
(Fuji-R x f i lm )  fo r  a period o f time s u ff ic ie n t to  provide good 
exposure (autoradiography) a t -70°C. The film s  were then developed 
and photographed.
2.23 Preparation and [ 32P]-0rthophosphate Labe lling  o f V ira l RNA in  
In fected BHK-21 C ells 
BHK-21 c e ll monolayers in  175cm2 fla sks  were each in fected w ith 
one o f the fo llo w in g  viruses [Akabane-JaGAr 39 (Japanese s tra in ) ,  
B8935 (A ustra lian  s tra in ) ,  Oman iso la tes  47 and 11] a t a moi o f 
approximately one TCIDso. The viruses were adsorbed fo r  one hour a t 
37°C and incubated a t 37°C w ith  Eagle’ s maintenance medium. 
Uninfected contro l fla sks  were also included. A fte r seven hours 
post in fe c tio n , the media in  the fla sks  was replaced w ith 
phosphate-free medium (Flow Laboratories) containing 2mM glutamine 
and the fla sks  re-incubated a t 37°C fo r  a fu r th e r f iv e  hours. A fte r 
th is  time the medium was discarded and fresh phosphate-free medium 
containing 10ug/ml o f actinomycin D (AMD; Sigma, Poole, England) 
added and the flasks  re-incubated fo r  a fu r th e r hour before being 
labe lled  w ith  250uCi/ml o f [ 32P]-orthophosphate (Amersham,
England). The flasks  were then re-incubated fo r  a fu r th e r e ig h t 
hours behind rad ia tio n  pro tection  screens. One o f the two con tro l 
uninfected fla sks  was labe lled  in  the absence o f AMD and the other 
was labe lled  in  the presence o f AMD.
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2.24 Extraction of RNA from BHK-21 Cells
RNA was extracted-e igh t hours post la b e llin g  w ith 
[ 32P]-orthophosphate using the procedure o f s ing le  step e x trac tion  
method w ith  an acid guanidinium thiocyanate-phenol-chloroform  
m ixture (Chomezynski and Sacchi, 1987). The radio label was 
c a re fu lly  removed w ith  a p ip e tte  and the monolayers were rinsed in 
ice -co ld  PBS. To each f la s k  4ml o f so lu tion  D (see Appendix) was 
added and the c e ll lysate subsequently transfe rred  in to  a 50ml 
polypropylene tube. Subsequently, 0.4ml o f 2M sodium acetate pH 4, 
4ml o f phenol (water saturated) and 0.8ml o f chloroform-isoamyl 
alcohol m ixture (49:1) were added to  the lysa te , w ith  thorough 
mixing a fte r  add ition  o f each reagent. The f in a l suspension was 
shaken vigorously fo r  10 seconds and cooled on ice fo r  15 minutes. 
Samples were then centrifuged a t 10000 rpm fo r  20 minutes a t 4°C in  
a Sorva ll cen trifuge . A fte r cen trifu g a tio n  the aqueous phase 
(conta in ing RNA) was trans fe rred  to  a 15ml glass Corex tube, mixed 
w ith  2.5 volumes o f ethanol and stored overnight a t -20°C to  
p re c ip ita te  the RNA. Sedimentation a t 10000 rpm fo r  20 minutes was 
again performed and the re su ltin g  RNA p e lle t was a ir -d r ie d  and 
dissolved in  600ul o f TE (10mM T ris /H C l, 1mM EDTA, pH 7 .5 ). This 
was divided in to  two equal volumes and transfe rred  in to  Eppendorf 
tubes and re -p re c ip ita ted  w ith  2.5 volumes o f ethanol and 1/30 
volume o f 2M sodium acetate and stored a t -70°C u n t i l  needed. H a lf 
o f each sample was kept fo r  analysis o f dsRNA (see Section 2.31) 
and the other h a lf was fra c tiona ted  in to  polyadenylated and 
non-polyadenylated RNA using messenger a f f in i t y  paper (MAP paper,
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Amersham U.K. L td .) (See Section 2.25).
2.25 Selection of Polyadenylated RNA using Messenger RNA A ffin ity  
Paper (Hybond-MAP)
The extracted RNA samples were pe lle ted  by ce n trifug a tio n  in  a 
microfuge, and the p e lle t re-suspended w ith  20ul o f TE so lu tion  
followed by the add ition  o f 20ul o f 4 x SSPE (see Appendix). The 
polyadenylated RNA were selected from each sample using messenger 
RNA a f f in i t y  paper (Hybond-MAP, Amersham, England) fo llo w ing  the 
procedure recommended by the s u p p lie rs :-
i  For each RNA sample cut a (2cm2) square piece o f Hybond-MAP 
s u ff ic ie n t to  bind the amount o f RNA to  be selected.
i i  Wet the MAP in a su itab le  high s a lt  b u ffe r, fo r  example 2 x 
SSPE.
i i i  Place the hybond-MAP on a piece o f para film  and le t  i t  dry.
iv  P ipette the mRNA so lu tion  in small a liquo ts  onto hybond-MAP 
and allow to  dry between each a p p lica tio n .
v When a l l  the RNA so lu tion  has been added, wash the MAP in  3 x 
5ml o f 0.5M NaCl fo r  ten minutes each wash.
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v i Place the hybond-MAP in 70% (v /v ) ethanol/water fo r  two 
minutes. C are fu lly  shake o f f  excess f lu id .
v i i  Transfer the hybond-MAP to  the minimum volume o f double
d is t i l le d  water (3ml) required to  cover the paper and incubate 
at 70°C in  a water bath fo r  f iv e  minutes.
v i i i  Remove the MAP using forceps.
The po ly(A )+ RNA remains in  the water and to  i t  30ul o f c a r r ie r  
tRNA [(2.5mg/ml) supplied by Dr. T. B a rre tt was added followed by 
100ul o f 2M sodium acetate and p rec ip ita ted  by the add ition  o f 
7.5ml ethanol mixed and stored a t -20°C u n t i l  needed fo r  fu r th e r 
ana lys is. The non-polyadenylated (po ly(A )- ) RNA was recovered from 
the f i r s t  wash by p re c ip ita tio n  w ith  2.5 volumes ethanol a t -20°C. 
Very l i t t l e  RNA was recovered from the second and th ird  washes and 
these were discarded. The proportion o f RNA in each fra c tio n  was 
determined by tr ic h lo ro a c e tic  acid (TCA) p re c ip ita tio n  and counting 
the ra d io a c tiv ity  o f each sample in  a s c in t i l la t io n  counter. Both 
the po ly(A )+ and po ly(A )- RNAs were pe lle ted  by ce n tr ifu g a tio n  a t 
10000 rpm fo r  20 minutes and the p e lle ts  dissolved in  50ul o f 
d is t i l le d  water before analysis w ith  1.5% formaldehyde agarose gel 
e lectrophoresis.
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2.26 Treatment o f Polyadenylated RNA w ith  Ribonuclease H (RNase H)
The RNase H is  an enzyme whose a c t iv i ty  is  associated w ith  a 
reverse transcrip tase  which cleaves RNA in  a DNA-RNA hybrid but 
does not d igest free  single-stranded or double-stranded RNA. The 
RNase H was used s p e c if ic a lly  to  remove poly(A) t a i ls  from mRNA 
a fte r  hyb rid iza tion  w ith  oligodeoxythym idylate (o ligo -dT ).
For treatment w ith  RNase H, 20ul out o f 50ul o f polyadenylated 
RNA samples (see Section 2.25) were each mixed w ith  30ul o f 2 x 
RNase H bu ffe r (see Appendix), 2ul o f o ligo -dT 12-12 (2.5mg/ml; 
Pharmacia, M ilton  Keynes, England), 1Oul o f water and 3ul o f RNase 
H (6 u n its ; Boehringer, Lewis) and incubated a t 30°C fo r  15-20 
minutes. The samples were then each made up to  200ul w ith  d is t i l le d  
water followed by 25ul o f c a r r ie r  tRNA (2.5mg/ml), 10ul o f 3M 
sodium acetate and p rec ip ita ted  w ith  2.5 volumes o f ethanol a t 
-20°C. The samples were then centrifuged a t 10000 rpm fo r  20 
minutes and the p e lle t dissolved in  10ul o f d is t i l le d  water before 
analysis by 1.5% formaldehyde agarose gel e lectrophoresis.
2.27 Formaldehyde Agarose Gel E lectrophoresis
a) Preparation o f the Gel-mould
The gel mould was cleaned and dried as described previously 
( in  Section 2.21a). The side spacers were much th ic k e r (4mm) 
than the corresponding spacers fo r  PAGE. The sides and bottom o f 
the gel-mould were sealed w ith  strong masking tape (instead o f 
rubber seal) making ce rta in  th a t the tape was f irm ly  pressed 
down onto the edges o f the g e l-tra y  and th a t the covers were
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neatly closed using the so-ca lled "hospita l bed corners" so as 
to  ensure th a t there were no leaks when the gel was poured. An 
appropriate s lo t former was selected and placed in  the gel-mould 
to  check the f i t t i n g .  The gel-mould was then inc lin e d  at a 
s l ig h t  angle on a f l a t  surface using a te s t tube rack to  support 
i t .
b) Preparation o f the Formaldehyde Agarose Solution
The correct amount o f agarose (see Appendix) was weighed, 
trans fe rred  in to  a conical f la s k  and dissolved in  MOPS b u ffe r 
(see Appendix) by heating in  a microwave oven. The f i l te r e d  
formaldehyde was then added and mixed qu ick ly  w ithout 
in troducing too many a ir  bubbles and poured in to  the gel-mould. 
The s lo t  former was inserted and the gel allowed to  s o l id i fy  ( in  
a fume cupboard).
c) S e tting  up the Apparatus
The s lo t  former was c a re fu lly  removed by f i r s t  disassembling 
the gel-mould and releasing the s lo t  former using a scalpel and 
the gel c a re fu lly  re-assembled (as the gel is  s lip p e ry ) w ithout 
the s lo t former. The bottom tape was pricked w ith the needle and 
small s l i t  openings made along the bottom to  allow curren t to  
pass through. The gel was then placed in the e lectrophoresis 
apparatus as described in  Section 2.21. MOPS b u ffe r was used as 
a running bu ffe r and e lectrophoresis was carried  out a t 60mA fo r  
approximately two hours u n t i l  the bromophenol blue dye had
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reached the  bottom .
d) Preparation and Loading o f the Samples
To one part o f each RNA sample (as previously described in  
Section 2.25 and 2 .26), three parts o f loading bu ffe r (see 
Appendix) were added and the m ixture denatured fo r  f iv e  minutes 
a t 60°C. Glycerol dye (bromophenol blue and g lyce ro l) was then 
added ( ra t io  1:1 w ith  the RNA used) w ith mixing and the sample 
loaded using a Gilson p ip e tte . The RNA was separated by 
e lectrophoresis fo r  two hours a t 60mA (B a rre tt and Mahy, 1984). 
The completed gel can be d ried , transfe rred  to  a membrane 
(Northern b lo t)  or fluorographed depending on the type o f RNA 
samples used.
2.28 Fluorography o f the Formaldehyde Agarose Gel
Fluorography was ca rried  out on the gel th a t was loaded w ith  
RNase H treated RNA (see Section 2.26). The gel was soaked three 
times in  ethanol fo r  one hour each time, using fresh ethanol fo r  
each wash. F in a lly  the gel was trans fe rred  to  3% PPO in ethanol 
(w/v) fo r  a fu r th e r one and a h a lf hours. The gel was then 
p rec ip ita ted  in  running water u n t i l  un iform ly white (one to  two 
hours). The gel was vacuum dried w ithout heat and exposed to  X-ray 
f i lm  overnight (Fuji-RX f i lm ) .
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2.29 Northern Blot Transfer
A fte r e lectrophoresis Northern b lo t tra n s fe r was carried  out on 
the gel th a t was loaded w ith  the polyadenylated mRNA (see Section 
2.25). A ll unnecessary gel was trimmed o f f  and a small tr ia n g u la r 
piece was cut o f f  the top r ig h t corner w ith  the gel facing 
downwards to  allow  o r ie n ta tio n  to  be determined when analysing the 
re su lts . The gel was f i r s t  soaked fo r  one hour in 20 x SSC (1 x SSC 
= 0.15M sodium ch lo ride , 0.015M sodium c it ra te )  a t 4°C, and then 
c a re fu lly  placed (top side down) on Whatman 3MM paper on a bridge 
support over the b lo tt in g  apparatus, a i r  bubbles between the 3MM 
paper and the gel were removed using a ro lle d  p ip e tte . The 3MM 
paper must be long enough to  form a wick between the rese rvo ir and 
the tra n s fe r apparatus, w ith  both ends o f the wick dipping in to  20 
x SSC reservo ir. The pre-measured Hybond-N paper (Amersham,
England) was f i r s t  wetted w ith  d is t i l le d  water and then p rec ise ly  
placed on the gel in  po s ition , w ithout moving the paper once i t  has 
touched the ge l. The a ir  bubbles were then c a re fu lly  removed by 
gentle ro ll in g  o f the wet 10ml p ip e tte  across the gel and the 
appropriate corner o f the hybond paper cut to  correspond w ith  the 
cut in the ge l. Twenty more pieces o f the 3MM paper o f the same 
size as the gel were placed on top o f the gel making sure th a t no 
a ir  bubbles were trapped. Cellophane paper was wrapped around the 
reservo ir and the b lo tt in g  apparatus to  prevent evaporation. A 
stack o f absorbent tissues were placed on top o f the 3MM paper 
w ithout touching the gel/hybond paper area. The absorbent pad was 
covered w ith a glass pressure p la te  and a weight placed on top and
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l e f t  fo r  about twenty hours by which time a l l  the RNA should have 
been transfe rred  to  the Hybond-N paper by standard c a p illa ry  
b lo tt in g  (Thomas, 1980).
A fte r tra n s fe r the b lo t was rinsed in  2 x SSC dried and baked in  
a vacuum oven a t 80°C fo r  two hours. This was then exposed d ire c t ly  
to  X-ray f i lm  (Fuji-R X).
2.30 T rich lo ro ace tic  Acid (TCA) P re c ip ita tio n  o f Radioactive RNA 
Samples
The eluted RNA removed from wash 1, 2 and 3 as described 
previously ( in  Section 2.25) was pe lle ted  by ce n trifu g a tio n  and 
re-dissolved in  50ul o f d is t i l le d  water. 10ul o f each sample 
fra c tio n  was spotted onto a pencil-marked 2cm2 area o f 3MM Whatman 
paper, dried fo r  30 minutes a t 37°C and soaked in  a beaker o f 500ml 
o f cold 10% TCA (w/v) a t 4°C w ith  frequent gentle s t i r r in g .  A fte r 
30 minutes the TCA was replaced w ith  fresh cold TCA so lu tion  fo r  a 
fu r th e r 30 minutes, followed by two washes w ith  methanol and 
f in a l ly  dried overnight at 37°C. The 3MM papers were placed in 
s c in t i l la t io n  counter v ia ls ,  4ml o f s c in t i l la t io n  so lu tion  was 
added and each sample was then counted in  a s c in t i l la t io n  counter 
using the 32P channel.
2.31 Analysis o f Double Stranded RNA (dsRNA) Formed by S e lf 
Annealing o f Akabane V irus RNA
H alf o f each Akabane RNA samples (described previously in 
Section 2.24) was pe lle ted by ce n trifu g a tio n  and the p e lle ts
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dissolved in  20ul o f d is t i l le d  water followed by add ition  o f equal 
volumes o f 0.4M sodium ch lo ride  containing 0.2% SDS, mixed 
thoroughly and spun fo r  one minute in a microfuge. The m ixture was 
overlayed w ith  50ul o f p a ra ffin  o i l  and heated at 65°C fo r  one hour 
in  the water bath, followed by overnight incubation a t 37°C. The 
next morning the p a ra ffin  o i l  was removed and 50ul o f water added 
followed by 2.5 volumes o f ethanol (250ul) mixed thoroughly and 
stored at -70°C fo r  one to  two hours. The RNA was then centrifuged 
(10000 rpm fo r  20 minutes) and the p e lle t a ir -d r ie d  and 
re-dissolved in  200ul o f d is t i l le d  water plus 40ul o f 3M sodium 
ch lo ride  mixed thoroughly and divided in to  two equal po rtions.
To one h a lf o f each sample equal amounts o f pancreatic RNase 
(supplied by Dr. P.P.O. Mertens), 4ug/ml (200ul) was added to  
d igest the single-stranded RNA and incubated at 37°C fo r  one hour. 
The other h a lf o f each sample was kept as a contro l and instead o f 
pancreatic RNase, 200ul o f d is t i l le d  water was added and stored at 
0°C fo r  one hour.
From each sample 5ul was spotted on 3MM Whatman paper and 
processed as described previously ( in  Section 2.30). To each o f the 
samples th a t received pancreatic RNase a fu r th e r 4ul o f 0.1% SDS 
plus 1ul o f proteinase K was added and the m ixture incubated a t 
37°C fo r  one hour. A ll the samples were p re c ip ita ted  overnight by 
the add ition  o f 2.5 volumes o f 70% ethanol and stored a t -20°C. The 
samples were then pe lle ted by cen trifug a tio n  a t 10000 rpm fo r  20 
minutes and the p e lle t resuspended in 2 x Laemmli gel loading 
b u ffe r and analysed on a 10% SDS polyacrylamide gel.
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CHAPTER THREE
ISOLATION AND IDENTIFICATION OF VIRUSES FROM INSECTS AND SENTINEL
ANIMALS
-  1 0 0  -
3.1 In tro d u c tio n
The resu lts  presented in th is  chapter deal w ith  the is o la t io n  
and id e n t if ic a t io n  o f three arboviruses from vertebrate hosts and 
one arbovirus from a species o f Culicoides in  the Sultanate o f 
Oman. In ad d ition , re su lts  o f entomological investiga tions 
undertaken in to  the population dynamics o f po ten tia l Culicoides  
vectors o f Bluetongue and Akabane viruses in  the Sultanate o f Oman 
are also discussed.
Sentinel animals have proved to  be a valuable too l in  the study 
o f the epidemiology o f a number o f arboviruses in  d if fe re n t parts 
o f the world. In A us tra lia , over 700 arboviruses belonging to  the 
bluetongue, ep izoo tic  haemorrhagic disease, Palyam, Simbu, bovine 
ephemeral fever, Tibrogorgan and alphavirus groups have been 
iso la ted  between 1981 and 1987 from sentine l animals (S t. George 
et a h , 1979, 1983; Gard et a h ,  1988a). While in  A fr ic a , sen tine ls  
have been used successfu lly to  study the epidemiology o f BTV in 
Kenya (Davies, 1978), N igeria  (Herniman et a h ,  1983) and the Sudan
(Mohamed and Taylor, 1987; Mohamed, 1988).
\
Culicoides b it in g  midges are known to  transm it a wide range o f 
pathogens as shown in  Table 3.1 (K e tt le , 1965; Braverman and Galun, 
1973; P.S. M e llo r, personal communication, 1989). W ithin th is  group 
o f insects are the p rin c ipa l b io lo g ica l vectors o f bluetongue 
v iru s , ep izoo tic  haemorrhagic disease v iru s  and A frican horse 
sickness v iru s  (Du T o it, 1944; Foster et a h ,  1977; Boorman et a h ,  
1975). In add ition , Culicoides are s trong ly  suspected o f vecto ring  
several other arboviruses which have been iso la ted  from pools o f
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these insects; these include Akabane and bovine ephemeral fever 
viruses (Doherty et a h , 1972; Standfast et a h ,  1986; Kurogi 
et a h ,  1987; Davies and Walker, 1974). In connection w ith  the 
present work, 16 species o f Culicoides were co llected in  Oman 
inc lud ing fou r species th a t are new to  science. In order to  assess 
vector competence o f Culicoides species fo r  a p a rtic u la r v iru s , one 
o f the necessary p re lim ina ries  is  to  is o la te  the v iru s  in  question 
from unengorged female midges (M ellor et a h ,  1984). Simultaneous 
recovery o f the same v irus  from vertebrate hosts in the same 
geographical area would be s ig n if ic a n t add itiona l evidence.
Previous to  th is  study there have been no serious attempts to  
iso la te  arboviruses from Culicoides vectors or from vertebrate 
hosts in the Arabian Peninsula. The only exception concerns the 
is o la tio n  o f an ep izoo tic  haemorrhagic disease v iru s , code named 
type 318 (an unc lass ified  EHD v iru s ) from c a tt le  blood from Bahrain 
in  1984 by Dr. W.P. Taylor (personal communication, 1985).
Therefore, th is  chapter records fo r  the f i r s t  time the is o la t io n  
and id e n t if ic a t io n  o f three arboviruses from vertebrate hosts and 
one arbovirus from a species o f Culicoides in  the Sultanate o f 
Oman. The is o la t io n  o f Akabane v iru s  from C. imicola is  the f i r s t  
record o f th is  v iru s  from th is  species o f midge.
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Table 3.1 A Summary o f the pathogens spread by Culicoides
Nematoda (Filaroidea) Protozoa (Haemosporidiidea) Viruses
Acanthocheilonema perstans Haemproteus nettionis
Dipetalonema streptocerca 
Mansonella ozzardi 
Onchocerca reticulata  
Onchocerca gibsoni 
Onchocerca cervical is 
Onchocerca gutturosa
Haemproteus canachites 
Leucocytozoon caulleryi 
Hepatocystis kochi
Orbiviruses
African horse sickness virus 
Bluetongue virus 
D’Anguilar virus 
Epizootic haemorrhagic 
disease of deer 
Mitchell River virus 
Warrego virus 
Wallal virus
Bunyaviruses 
Akabane virus 
Aino virus 
Buttonwillow virus 
Congo virus 
Dugbe virus 
Lokern virus 
Main drain virus 
Oropouche virus 
Sabo virus 
Sango virus 
Sathuperi virus 
Shamonda virus 
Shuni virus
Rhabdoviruses
Bovine ephemeral fever virus 
Kotonkan virus 
Ngaingan virus
Alphaviruses
Eastern equine 
encephalomyelitis virus
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3.2  R esu lts
3.2.1 V irus Is o la tio n
A to ta l o f 261 blood samples and 6095 unengorged female 
Culicoides  (Table 3.2) co llected over a period o f fou r months in  
1988 were analysed fo r  v iru s  is o la t io n . Four viruses were iso la ted  
(Table 3 .3 ). Three o f the viruses (code numbers Oman 5557, 2 and 
47) were from the bloods o f sentine l animals and the v iru s  is o la te  
(Oman 11) was from a group o f 50 C. imicola co llected  during the 
month o f March 1988. A ll fou r viruses caused haemorrhage and death 
in  chick embryos two to  f iv e  days a fte r  in fe c tio n . Subsequently the 
viruses also caused CPE a fte r  24-36 hours in  BHK-21 c e lls  and 
pa ra lys is  in  suckling mice by day two to  three post inocu la tion .
3.2.2 Plaque C haracte ris tics
A fte r adaptation to  BHK-21 c e lls  each v iru s  was cloned once by 
l im it in g  d ilu t io n  and was then plaque p u r if ie d  three times under 
s o lid  agar (see Chapter 2). The f in a l clone was am plified  in  BHK-21 
c e ll cu ltu re  and was used as stock v iru s  fo r  subsequent work.
The plaques formed by each o f the p u r if ie d  iso la tes  in  60mm 
p e tr i dishes are shown in Plate 3.1. The plaques formed by is o la te  
11 were the sm allest w ith  a mean diameter o f 2.05mm +0.4 S.D.
(mean o f 50 plaques). Those formed by iso la te  5557 were o f medium 
size (2.64mm +0.44 S .D .). While iso la tes  2 and 47 formed large 
plaques w ith mean diameter o f 2.95mm +0.27 S.D. and 2.76 +0.7 
S.D.
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Table 3.2 Unengorged female Culicoides co llec ted  fo r  v iru s  is o la t io n  
in Oman from January to  A p r il ,  1988
Species Numbers Percentage
C. imicola 5135 84.3%
C. schu ltze i 403 6.6%
C. other species* 557 9.1%
Total 6095
* see Table 3.6
-  105 -
Table 3 .3  Oman v iru s e s : sample source and date  o f  c o l le c t io n .
Virus code no. Source Farm no. Date o f c o lle c t io n
5557 Goat blood - Rostaq 33 February 1988
47 Goat blood - Rumais 18 March 1988
2 Goat blood - Hal ban 20 February 1988
11 C. imicola - Rumais 16 March 1988
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Plate 3.1 The plaques formed by Omani is o la te s  5557, 2, 11 and 47. 
under sol id agar.
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3.2.3 Electron Microscopy
A fte r a m p lifica tio n  in  BHK-21 c e lls , drople ts o f in fected tissue  
cu ltu re  f lu id s  from each v iru s  is o la te  were examined fo r  v iru s  
p a rtic le s  under a transmission e lectron microscope (see Chapter 2). 
E lectron micrographs o f the tissue  cu ltu re  f lu id  in fected w ith  
iso la tes  5557 and 2 (P la te  3*2) demonstrated the presence o f 
spherica l v iru s  p a rtic le s  ranging in size between 60 to  70nm which 
showed the d iffu s e  appearance ty p ic a l o f o rb iv iruses (Mertens, 
1986). Tissue cu ltu re  f lu id  in fected w ith  is o la te  11 contained 
v iru s  p a rtic le s  ranging in s ize from 75-90nm and w ith surface 
s truc tu res markedly a lte red  from th e ir  o r ig in a l spherical shape 
(P late 3 .2 ). E lectron micrographs o f tissue  cu ltu re  f lu id  
contain ing iso la te  47 also showed spherical v irus  p a rtic le s  o f a 
s im ila r  size range, which c le a r ly  exh ib ited an envelope w ith  
v is ib le  peplomers (P late 3 .2 ). In appearance these two iso la te s  
were ty p ic a l o f bunyaviruses ( I to  et a h , 1979).
3.2 .4  Agar Gel Immunodiffusion Test
Soluble antigens were produced from each o f the fou r v iru s  
iso la tes  fo r  use in  the AGID te s t as described in  Chapter 2. Each 
o f the fou r antigens prepared was tested fo r  the presence o f 
g roup-specific  p re c ip ita tio n  lin e s  against known p o s it iv e  reference 
an ti sera to  14 d if fe re n t o rb iv iruses , one Simbu v iru s  and one 
rhabdovirus. The resu lts  obtained are shown in Table 3.4. The 
soluble antigen o f iso la te  5557 p re c ip ita ted  BTV serotype 1 and 
T i l l ig e r r y  an tisera , while the antigen prepared from is o la te  2
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Is o la te  5557 Is o la te  2
(Mag. = 202K) (Mag. = 108K)
Is o la te  47 Is o la te  11
(Mag. = 175K) (Mag. = 90K)
P late 3.2 E lectron Micrographs o f Omani iso la te s  5557, 2, 47 and 11
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Table 3.4 Agar gel immunodiffusion re su lts  o f the soluble antigens o f 
the fou r Omani iso la tes  against 14 o rb iv iruses , one Simbu 
v irus  and one rhabdovirus, reference an tisera .
Anti serum
5557
Soluble antigen 
2 47 11
BTV 1 + + - -
EHDV 1 (New Jersey) - - - -
EHDV 2 (A lberta) - - - -
EHDV 1b Ar 22619 - - - -
EHDV 1b Ar 33853 - - - -
EHDV (318) - - - -
Ibaraki - - - -
Eubenangee - - -  ■ -
T i11ige rry + - - -
Pata - - . - -
SU 48 (Palyam) - - -
AHSV 1 - -  . - -
C orriparta - - - -
Palyam - - - -
Akabane - - + +
BEFV - - - -
+ p re c ip ita tio n  lin e  formed 
-  no p re c ip ita tio n  lin e  formed
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formed p re c ip ita tio n  lin es  w ith  BTV serotype 1 only. The soluble 
antigen prepared from iso la tes 47 and 11 gave lines  o f complete 
id e n t ity  w ith  Akabane an tisera  on ly. (Table 3 .4 ).
3 .2 .5 Serum-Virus N eu tra liza tio n  Tests
a) N eu tra liza tion  by Heterologous Antisera
A ll the reference an tisera  which reacted w ith  each v iru s  antigen 
in  the AGID group s p e c ific  te s ts  were also examined fo r  th e ir  
a b i l i t y  to  neu tra lize  th a t v iru s  in  serum-virus n e u tra liza tio n  
te s ts  using constant serum and varying v irus  d ilu t io n s . Other 
reference an ti sera from the same serogroup as those an ti sera which 
gave p o s itive  reactions in the group te s t , were included where 
possib le. Iso la te  5557 was tested against an tisera  to  24 BTV 
serotypes and to  T i l l ig e r r y  v iru s . While is o la te  2 was tested 
against an tisera  to  24 BTV serotypes on ly. Iso la tes  47 and 11 were 
tested against Akabane antisera on ly. The re su lts  are shown in  
Table 3.5. Iso la tes  2 and 5557 were neutra lized only by the 
an ti serum to  BTV serotype 4 which reduced th e ir  in fe c t iv i t y  by 300 
fo ld  (2.5 logioTCIDso) and by 30 fo ld  (1.5 logioTCIDso), 
respective ly . While iso la tes  47 and 11 were s ig n if ic a n t ly  
neutra lized by Akabane antiserum by 32000 fo ld  (4.5 logioTCIDso) 
and by 3200 fo ld  (3.5 logioTCIDso), respective ly .
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Table 3.5 N eu tra liza tion  ind ices o f Omani viruses against heterologous 
an tisera .
Anti sera
Ou
Vi ruses 
5557 47 11
BTV 1-24 BTV 4 BTV 4 NT NT
2 .5a 1.5
T i 11 ige rry NT _ b NT NT
Akabane NT NT 4.5 3.5
N eu tra liza tion  index (NI) = logio v iru s  t i t r e  in normal serum minus 
logio v irus  t i t r e  in  the immune serum
NT not tested
a logioTCIDso
b NI <0.5
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b) Reciprocal Cross N eu tra liza tion  Tests
Antisera raised in  sheep against each o f the fou r v iru s  iso la tes  
and the reference an ti sera which previously neutra lized each 
iso la te  were a l l  tested in  reciproca l c ross-neu tra liza tion  te s ts  to  
confirm the sero log ica l id e n tity  o f each o f the v irus  iso la te s . The 
resu lts  are shown in Table 3.6. Iso la tes  2 and 5557 were shown to  
be se ro lo g ica lly  id e n tica l to  each other and to  reference BTV 
serotype 4 (ASOT 1) whereas iso la tes  47 and 11 were se ro lo g ic a lly  
id e n tica l to  each other and to  reference Akabane v irus  JaGAr 39 
(Japanese).
3 .2 .6 Examination o f V irus Iso la tes  47 and 11 and th e ir  Homologous 
Antisera by the Liquid-Phase Sandwich ELISA 
Previous resu lts  (Section 3 .2 .4) have shown th a t the soluble 
antigen prepared from iso la tes  47 and 11 reacted w ith Akabane 
an ti serum in the AGID te s t. Both viruses were also neutra lized by 
reference Akabane antiserum. These re su lts  s trong ly  suggest th a t 
iso la tes  47 and 11 are Akabane v iruses, but to  fu r th e r confirm th is  
a liquid-phase sandwich ELISA (see Chapter 2) was employed. Table
3.7 shows the re la tion sh ip  between the reference Akabane v iru s  
(s tra in  JaGAr 39) and the two Omani f ie ld  iso la tes  (47 and 11) as 
determined by liquid-phase sandwich ELISA. Each o f the viruses 
reacted w ith  the three sheep an ti sera (reference Akabane sheep 
an tisera , hyperimmune sheep sera 47 and hyperimmune sheep sera 11). 
The three end-point t i t r e s  recorded fo r  each antiserum were w ith in  
tw o-fo ld  v a r ia tio n . These re su lts  confirm those previously recorded
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Table 3.6 Reciprocal cross n e u tra liza tio n  indices o f Omani viruses and 
antisera against both homologous viruses and antisera and 
heterologous viruses and an tisera .
Antisera Vi ruses
Oman 2 Oman 5557 BTV 4 Oman 47 Oman 11 Akabane
Oman 2 >3.5* >2.25 >3.25 NT NT NT
Oman 5557 >2.0 >1.75 >2.5 NT NT NT
BTV 4 >2.75 >2.25 >3.5 NT NT NT
Oman 47 NT NT NT >2.25 >2.75 >2.0
Oman 11 NT NT NT >3.0 >3.0 >3.0
Akabane NT NT NT >3.0 >2.0 >2.0
NT not tested 
* logioTCID5o
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Table 3.7 The re la tio n sh ip  between reference Akabane v irus  (s tra in  
JAGAR 39) and Oman f ie ld  iso la tes  (47 and 11) by liq u id  
phase sandwich ELISA.
Vi rus
Reference 
Akabane sheep 
an ti serum
Hyperimmune 
sheep serum 
47
Hyperimmune 
sheep serum 
11
Reference 
Akabane v irus 178* 512 708
Oman 47 iso la te 355 708 1400
Oman 11 iso la te 355 708 1400
* reciprocal o f the serum t i t r e
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by AGID and serum-virus n e u tra liza tio n  te s ts . Thus the two Omani 
iso la tes  (47 and 11) are considered to  be Akabane viruses. Figure
3.1 shows the t i t r a t io n  o f the reference s tra in  and the two f ie ld  
iso la tes  o f Akabane v iru s . Each v irus  was used a t the d ilu t io n  
(reference Akabane s tra in  JaGAr 39, 1:64; is o la te  Oman 11, 1:32 and 
iso la te  Oman 47, 1:64) which gave an o p tica l density value o f 1.5.
3.2 .7 Insect C o llec tion
During the present study 16 species o f Culicoides  were co llec ted  
by three l ig h t  traps in  the Sultanate o f Oman (see Table 3 .8 ). Four 
o f these species are new to  science and are reported fo r  the f i r s t  
time. These fou r species have been named:- C. arabiensis , C. 
b u e l t ik e r i , C. ib r ie n s is  and C. neoschultzei (J. Boorman, personal 
communication, 1989). The population dynamics o f Culicoides 
co llected  in  the l ig h t  traps from Rumais and Nakhal, in  Northern 
Oman, w i l l  be analysed in  d e ta il in  Chapter Seven where they w i l l  
be corre la ted w ith  the p reva ilin g  c lim a tic  cond itions. Culicoides  
co llec ted  in  a fu r th e r l ig h t  tra p  a t Salalah in  the South o f Oman 
are not included in th is  analysis because o f ir re g u la r  sampling.
3.3 Discussion
The successful is o la tio n  o f arboviruses during the present study 
was accomplished p a rtly  by m onitoring the serology o f sen tine l 
animals and co rre la tin g  v iru s  is o la t io n  to  seroconversion and 
p a rtly  by long term population studies o f p o te n tia l vector species 
o f Culicoides . In the present study we have reported fo r  the f i r s t
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Figure 3.1 T itra t io n  o f Akabane Viruses.
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Table 3.8 Culicoides  species co llected in Oman between March 1987 and 
March 1988.
c. 7/77 7 C O  7 a C. neoschu 1 tze i*
c. arabiensis* C. odai
c. ib r ie n s is* C. odiatus
c. badooshensis C. oxystoma
C- b u e lt ik e r i* C. pycnostictus
c. k in g i C. ravus
c. leucostictus C. wardi
c. mesgha1i C. azerbajdzhanicus
* new species
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time the is o la tio n  and id e n t if ic a t io n  o f three arboviruses from 
vertebrate hosts and one arbovirus from a species o f Culicoides in 
the Sultanate o f Oman. Iso la tes  5557 and 2 were id e n tif ie d  as BTV 
type 4 and o rig ina ted  from goats, while iso la tes  47 (from goats) 
and 11 (from Culicoides) were id e n tif ie d  as Akabane v iru s . Iso la te  
11 orig ina ted  from a pool o f 50 unengorged female C. imicola. This 
is o la t io n  is  the f i r s t  record o f Akabane v iru s  from C. im icola .
In add ition  to  the v iru s  iso la tio n s  16 species o f Culicoides 
have been recorded in  Oman during vector population stud ies. Among 
them, C. arabiensis, C. b u e l t ik e r i , C. ib r ie n s is  and C neoschultzei 
are new to  science and are reported fo r  the f i r s t  time.
C. imicola was the most common species co llec ted  c o n s titu tin g
84.3 per cent o f the Culicoides catch. This species is  a known 
vector o f BTV in A fr ic a , the Middle East and Southern Europe.
Akabane v irus  was in i t i a l l y  d i f f i c u l t  to  id e n t ify  under the 
e lectron microscope because o f the f ra g ile  nature o f the v iru s  
p a rtic le s . However, pre-treatm ent w ith  2% gluteraldhyde preserved 
the spherical form o f the in ta c t p a rtic le s  thereby fa c i l i t a t in g  
id e n t if ic a t io n . A ll fo u r viruses were iso la ted  during the months o f 
February and March 1988 at which time sereconversions were tak ing  
place in  sentine l animals and when the vector populations o f 
Culicoides were at th e ir  peak. Iso la tes  47, 2, and 11 were a l l  made 
in  the v ic in i t y  o f Rumais while is o la te  5557 was from Rostaq (F ig . 
2 . 1).
The two v irus  iso la tes  5557 and 2 although id e n tica l by 
serology, d iffe re d  from each other in size o f plaques formed. The
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same is  true  fo r  the iso la tes  o f Akabane v iru s  (47 and 11). The 
plaques formed by iso la tes  11 and 5557 were o f medium size and 
d iscre te  compared to  the large ir re g u la r plaques formed by iso la tes  
2 and 47.
A ll fou r iso la tes  were fu r th e r analysed using biochemical 
studies and th e ir  genomic p ro f ile s  were compared w ith reference 
prototype s tra in s . These studies are discussed in Chapter 4.
In th is  study, the ECE is o la tio n  system was generally the most 
sen s itive , as a l l  fou r viruses were o r ig in a lly  recovered v ia  th is  
system. This confirms the recent resu lts  o f Gard et a 7. (1988b). 
However, the m a jo rity  o f chick embryos dying two to  f iv e  days a fte r  
inocu la tion  w ith  in fe c tio u s  m ateria l fa ile d  to  y ie ld  any v iru s  
a fte r  passage in  the BHK-21 c e lls . This could be due to  to x ic i ty  o f 
the o r ig in a l samples or i t  may be th a t the chances o f is o la t io n  
would have been enhanced i f  several mammalian c e ll cu ltu res types 
( fo r  example, BHK-21, hamster lung and Vero) had been inoculated, 
ra ther than a s ing le  type as in  th is  study.
In Japan recent evidence s trong ly  suggests th a t C. oxystoma 
( Schultzei group) is  the Japanese vector o f Akabane v iru s  (Kurogi, 
et a h , 1987) while in  A u s tra lia  the p r in c ip a l vector is  thought to  
be C. b re v i ta rs is  (Doherty e t a h , 1972). This midge is  c lose ly  
re la ted to  C. imicola both being members o f A va r it ia  group, and 
some a u th o ritie s  consider the two species to  be conspecific 
(Debenham, 1978). In the l ig h t  o f the is o la tio n  o f Akabane v iru s  
from C. imicola described in  the present work, th is  s trong ly  
suggests th a t C. imicola may be the vector o f Akabane v iru s  in  the
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Arabian Peninsula and also in other areas o f the world where th is  
species o f Culicoides  and Akabane v iru s  coexist.
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CHAPTER FOUR
BIOCHEMICAL ANALYSIS AND COMPARISONS OF THE GENOMIC PROFILES OF THE 
OMANI ISOLATES WITH REFERENCE PROTOTYPE STRAINS
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4.1 In troduction
I t  has been suggested th a t sero log ica l methods alone are not 
s u f f ic ie n t to  study the in te r-re la tio n s h ip s  o f arboviruses because 
the v ira l polypeptides which are responsible fo r  the immunological 
response are only coded fo r  by a few o f the v ira l genome segments 
(Gorman et a h ,  1981; Knudson, 1986; Mertens et a h ,  1987a; McPhee 
and D ella-Porta, 1981). The same authors suggested th a t analysis o f 
to ta l genomic RNA p ro f ile s  and o f th e ir  tra n s la tio n a l products 
o ffe r  more de ta iled  comparisons between viruses, than by 
conventional sero log ica l tes ts  alone, espec ia lly  when sero log ica l 
cross-reactions are common. To fu r th e r characterize the fou r Omani 
iso la tes  attempts were made to  es tab lish  the re la tion sh ip  between 
them and other previously characterized reference prototype viruses 
by comparing the prote ins induced in  in fected BHK-21 c e lls  by these 
viruses and th e ir  RNA genomes by gel e lectrophoresis.
This chapter shows the resu lts  o f biochemical studies ca rried  
out on the fou r Omani f ie ld  iso la tes  (47; 11; 5557 and 2) and th e ir  
contemporary reference s tra in s .
4.2 Results
4.2.1 Examination o f Akabane V iru s -S p e c ific  Proteins by PAGE
BHK-21 c e lls  were in d iv id u a lly  in fected w ith  various Akabane 
v irus  s tra in s  (Japanese s tra in , A ustra lian  s tra in , and Oman 
iso la tes  47 and 11). At 24 hours p o s t- in fe c tio n  the prote ins made 
in  these c e lls  were labe lled  w ith  [ 35S]-methionine (see Chapter 2)
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and analysed by e lectrophoresis on 15% polyacrylamide gels. The 
v ira l proteins induced by each s tra in  were compared.
The d if fe re n t p ro te in  bands are id e n tif ie d  as described by 
McPhee and D ella-Porta (1988) fo r  Akabane v iru s . The proteins 
induced by Omani iso la tes  47 and 11 showed id e n tica l pro te in  
products to  those o f Japanese (JaGAr 39) and A ustra lian  (B8935) 
Akabane v irus  s tra in s . A ll viruses were shown to  have ty p ic a l 
bunyavirus p ro te in  p ro f ile s  w ith  two external g lycoprote ins, G1 and 
G2 and an in te rna l nucleoprotein, N. A high molecular weight but 
minor pro te in  L has also been observed. Their molecular weights 
were determined using [ 14C]-methylated pro te in  markers 
electrophoresed in  the same slab ge l. The sizes (see Table 4.1) and 
re la tiv e  amounts were s im ila r to  those seen in other Akabane 
viruses (McPhee and D ella-Porta, 1988). In add ition  to  the fou r 
s tru c tu ra l prote ins found in the in fected c e lls ,  two other, 
possib ly non-structu ra l p ro te ins, were detected la te  in  in fe c tio n  
(see Plate 4 .1 ). These were s im ila r  in  molecular weight and 
re la tiv e  amounts to  corresponding prote ins in  c e lls  in fected w ith  
Akabane v iru s , as reported by McPhee and Della-Porta (1988) (see 
Table 4 .1 ).
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Plate 4.1 Analysis o f the prote ins induced by Omani iso la te s  (47 
and 11) compared to  those induced by reference Akabane v iru s  
(Japanese and A ustra lian) s tra in s  in BHK-21 c e lls  by 15% PAGE. 
Molecular weight marker and mock-infected c e ll con tro l were 
included. The arrow heads ind ica te  NS1 (upper) and NS2 (low er).
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Table 4 .1 . M o lecu la r W eights o f  P ro te in s  S p e c if ie d  by Akabane V iru s .
Protein
a
Mr (K)* 
b c
L 190 193 121
S truc tu ra l prote ins G1 120 113 101
G2 39 36 37
N 26 26 24
Possible non-structu ra l Ns1 17 16 20
prote ins Ns2 16 13 20
* Molecular weights are the mean o f 3-4 values obtained by 
comparison w ith  m igration o f the fo llo w in g  [ 14C]-methylated 
standards in 15% Laemmli slab gels: myosin (200K), phosphorylase a 
and b (100K and 92.5K), bovine serum albumin (69K) ovalbumin (46K), 
carbonic anhydrase (30K) and lysozyme (14 .3K).
a Present study
b McPhee and D ella-Porta , 1988 
c McPhee and D ella-Porta, 1981
-  126 -
4.2 .2 Identifica tion  of Akabane Virus-Specific Proteins by 
Immunoprecipitation
The use o f radio-im m unoprecipitation technique helps to  produce 
c lea re r patterns o f the v iru s -s p e c if ic  pro te ins, espec ia lly  in  
cases where complete s h u t-o ff o f the host c e ll pro te in  synthesis is  
not achieved as was the case w ith some s tra in s  o f Akabane v iru s  
(possib ly because o f poor growth in tissue  cu ltu re  or the presence 
o f d e fe c tiv e - in te rfe r in g  p a rtic le s  in  the seed stock).
In P late 4.2 i t  is  c lea r th a t the host c e ll p ro te in  background 
can be g rea tly  reduced by sp e c ific  immunoprecipitation (compare 
pro te in  patterns in Panel a w ith  Panel b) o f the Akabane v iru s  
induced prote ins using ra bb it anti-Akabane hyperimmune serum, thus 
allow ing d is t in c t  v ira l prote ins to  be seen in  the absence o f 
complete host p ro te in  synthesis s h u t-o ff.
4.2 .3 Kinetics of Akabane Virus Specific Protein Synthesis in 
Infected BHK-Cells
BHK in fected c e lls  were labe lled  fo r  two hours w ith 
[ 35S]-methionine at d if fe re n t time in te rv a ls  o f 12, 24, and 36 
hours p o s t- in fe c tio n  w ith  Oman is o la te  47 (see Plates 4.3 and 4.4) 
in  order to  observe the k in e tic s  o f v ira l p ro te in  synthesis. This 
iso la te  d id not produce s ig n if ic a n t s h u t-o ff o f host c e ll p ro te in  
synthesis re la tiv e  to  v irus  s p e c ific  p ro te in  synthesis during la te  
in fe c tio n . The v iru s  sp e c ific  p ro te in  synthesis k in e tic s  were 
ty p ic a l o f a bunyavirus (see Plates 4.3 and 4.4) in th a t p ro te in  N
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Plate 4.2 Comparative e le c t ro p h o re t ic  p ro f i le s  o f p ro te ins  o f  
d i f f e r e n t  Akabane v iru s  s t ra in s .  Panel a ( immunoprecipitated) were 
compared w ith  panel b (non-immunoprecip ita ted). Arrow heads 
ind ica te  NS1 (upper) and NS2 ( low er) .  Samples were electrophoresed 
on 15% PAG.
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Plate 4.3 K ine t ics  o f  p ro te in  synthesis in  mock-infected (lanes 1 
and 2) and Akabane v iru s  is o la te  47 (lanes 3-8) in fec ted  BHK-21 
c e l ls .
C e lls  were lab e lle d  w ith  [ 35S]methionine a t 12 (lanes 1-4 ), 24 
(lanes 5 and 6) and 36 (lanes 7 and 8) hours p o s t - in fe c t io n .  Lanes 
2, 4, 6 and 8 were labe lled  in the presence o f tunicamycin 
(1ug/m l). M is  molecular weight marker. Samples were 
electrophoresed on 17% PAG (non-immunoprecip ita ted).
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Plate 4.4 K ine t ics  o f  p ro te in  synthesis in  mock-infected (lanes 1 
and 2) and Akabane v irus  is o la te  47 (lanes 3-8) in fec ted  BHK-21 
cel Is .
Cells  were labe lled  w ith  [ 35S]methionine a t 12 (lanes 1-4), 24 
(lanes 5 and 6) and 36 (lanes 7 and 8) hours p o s t - in fe c t io n .  Lanes 
2, 4, 6 and 8 were labe lled  in the presence o f tunicamycin 
(1ug/ml). M is  molecular weight marker. Samples were 
electrophoresed on 17% PAG ( immunoprecipitated w ith  ra b b it  
anti-Akabane hyperimmune serum).
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appeared f i r s t  w ith  G1 and G2 seen la te r  in large amounts when host 
c e ll p ro te in  synthesis s h u t-o ff was evident. For th is  is o la te  G2 
was detected in  small amounts re la tiv e  to  G1 and N (see Plate 4 .5 ). 
The N pro te in  was produced in  large amounts as ea rly  as 12 hours 
post in fe c tio n . G1 and G2 prote ins were detected a t 24 hours post 
in fe c tio n . However, G2 was not detectable a t 36 hours post 
in fe c tio n .
A ll the v iru s -s p e c if ic  prote ins were synthesized by 24 hours 
p o s t- in fe c tio n  and although v ira l  p ro te in  synthesis s t i l l  continued 
a t 36 hours i t  was in  reduced amounts, the re fo re , la b e llin g  a t 24 
hours p o s t- in fe c tio n  is  considered to  be the optimum tim e. Again 
compare the d iffe rences between Plate 4.3 which is  
non-immunoprecipitated and th a t o f Plate 4.4 which is  
immunoprecipitated, where the host c e ll p ro te in  background is  
g re a tly  reduced.
4 .2 .4  E ffec t o f Tunicamycin on G lycosylation o f Akabane V irus 
Prote in Synthesis
Tunicamycin in h ib its  the N-linked g lycosy la tion  o f asparagine 
residues but not the 0-1 inked g lycosy la tion  o f serine and threonine 
residues (Hubbard and Iv a t t ,  1981; Cavanagh and B a rre tt, 1988). The 
e ffe c t o f tunicamycin on v ira l p ro te in  synthesis was investigated 
by growth o f Akabane v irus  ( is o la te  47) in  the presence and absence 
o f 1ug/ml o f tunicamycin (see Plate 4 .4 ).
Tunicamycin at concentrations greater than 1ug/ml to ta l ly  
abolished v irus  prote in  synthesis (data not shown). The only major
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Pla te  4.5 V i rus  s p e c i f i e d  p ro te in  p r o f i l e s  o f  Akabane v i r u s  
in fe c te d  BHK-21 c e l l s  (Omani i s o la t e  47, lane 2) and mock- in fec ted  
c e l l  c o n t ro l  ( lane 1) on 15% PAGE.
e ffe c t o f tunicamycin on v iru s  s p e c ific  pro te in  synthesis was on 
the glycoproteins G1 and G2. G2 pro te in  was no longer detectable by 
24 hours and the G1 was s p l i t  to  two d is t in c t  bands (see P late 4.4 
and compare lanes 5 and 6). G1 in  lane 5 ( in  absence o f 
tunicamycin) runs as a s ing le  band as compared w ith  lane 6 ( in  
presence o f tunicamycin) where i t  runs in  doublet form. S im ila r 
phenomena are seen in  lanes 7 and 8. This re su lt ind ica tes th a t 
g lycosy la tion  was p a r t ia l ly  in h ib ite d , w ith  the fa s te r moving 
species representing the non-glycosylated form o f G1. I t  also 
suggests th a t not a l l  g lycosy la tion  is  tun icam ycin-sensitive and 
possib ly other types o f g lycosy la tion  may be present fo r  example, 
the 0-1 inked, since i f  a l l  g lycosy la tion  were to  be in h ib ite d , one 
would expect to  see G1 as a s ing le  band m igrating fa s te r on PAGE.
I t  was also noticed on some gels th a t the N pro te in  migrated as 
a doublet (see Plate 4 .4 ). This was only seen in good gel 
separations, poorer gels did not resolve th is  doublet. This is  not 
due to  the e ffe c ts  o f tunicamycin, in  contrast to  G1 since the 
m igration o f the N pro te in  occurs as a doublet both in the presence 
and absence o f th is  in h ib ito r .  The two forms o f N may represent 
d if fe re n t phosphorylated forms o f the p ro te in , as has been shown 
fo r  in fluenza v irus  (Zhirnov and Burkrinskaya, 1981) and rinderpest 
v iru s  (D ia llo  et a 7., 1987). This observation has not been reported 
fo r  Akabane v irus  before.
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4.2 .5 Examination o f RNA P ro file s  o f D iffe re n t Akabane Viruses
A ll bunyaviruses so fa r  characterized contain three unique 
segments o f s ing le  stranded RNA (la rge [L ] ,  medium [M], and small 
[S ]) o f negative p o la r ity  w ith  a to ta l molecular weight o f 
approximately 4 x 106 to  6 x 106. The small (S) RNA codes fo r  the N 
pro te in  and a non-structu ra l p ro te in  NSs; the medium sized (M) RNA 
codes fo r  the envelope glycoproteins G1 and G2 and fo r  a second 
non-structu ra l p ro te in  NSm; and the large (L) RNA is  presumed to  
code fo r  the L p ro te in  which may be the v irion -associa ted  
transcrip tase  (P attna ik and Abraham, 1983).
In fected c e ll RNAs were labe lled  w ith  [ 32P]-orthophosphate in 
the presence o f 10ug/ml actinomycin D (to  in h ib it  la b e llin g  o f 
c e llu la r  RNAs) to  ensure th a t the re su ltin g  labe lled  RNA was v iru s  
s p e c ific .
In an attempt to  determine whether o r not Akabane mRNAs were 
polyadenylated to ta l RNA was frac tiona ted  in to  poly(A+) and 
po ly(A -) on messenger a f f in i t y  paper. The poly(A+) RNA was 
separated on 1.5% formaldehyde-agarose gels and the re su ltin g  
autoradiograph is  shown (see Plate 4 .6 ).
Uninfected contro l c e lls  labe lled  under the same conditions d id 
not show any RNA bands (lane 5). In con tras t, a l l  Akabane in fected 
c e lls  showed s ig n if ic a n t RNA la b e llin g  which resolved in to  fou r 
major bands (A-D) representing the fou r known mRNA species 
(Pattna ik and Abraham, 1983). However, d iffe rences were seen 
between the Japanese s tra in  and both the A ustra lian  and Oman 
iso la tes . In add ition  to  band C, the Japanese s tra in  had an extra
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Plate 4.6 Comparison o f  messenger a f f i n i t y  paper-selected (po ly  A 
con ta in ing) RNA o f  d i f fe re n t  Akabane v i ru s  s tra in s  on 1.5% 
formaldehyde-agarose gel.
Lane 1, A u s tra l ia n ; lane 2, Japanese; lane 3, Omani 11; lane 4, 
Omani 47; lane 5, uninfected c e l lu la r  RNA. The lane marked rRNA 
contains labe l led  ribosomal RNA marker.
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upper band which is  not present in  other s tra in s  ( th is  could be due 
to  de fective  in te r fe r in g  p a rtic le s  present in  the seed v iru s ) . The 
two Omani iso la tes  were id e n tica l and very s im ila r to  the 
Austra lian  s tra in , but the A ustra lian  s tra in  grew more e f f ic ie n t ly  
as would be expected o f a laboratory s tra in  adapted to  grow in 
tissue  cu ltu re .
Previous reports suggested th a t Akabane mRNAs were not 
polyadenylated (Pattna ik and Abraham, 1983; Abraham et a h ,  1986). 
These authors found th a t 35% o f con tro l uninfected c e ll RNA was 
bound to  o lig o (d T )-ce llu lo se  whereas less than 4% o f the 
a c id -p re c ip ita ta b le  ra d io a c tiv ity  was bound to  o lig o (d T )-ce llu lo se  
in  in fected c e lls  in  the presence o f actinomycin D. I t  is  probable 
th a t polyadenylated RNA species bind more e f f ic ie n t ly  to  MAP paper 
( i .e .  51.03% o f contro l c e ll RNA) than to  o lig o (d T )-ce llu lo se  (35% 
o f contro l c e ll RNA) and perhaps RNA w ith  shorter poly(A) t a i ls  
binds more e f f ic ie n t ly  also. However, i t  was reproducib shown in 
the present study th a t v iru s  RNA synthesized in  the presence o f 
actinomycin D bound to  messenger a f f in i t y  paper and thus i t  appears 
to  be polyadenylated. The percentage o f poly(A+) RNA in each case 
is  shown in  Table 4.2.
Another way o f determining whether or nofcmRNAs are 
polyadenylated is  to  tre a t them w ith  RNase H in the presence o f 
oligodeoxythym idylate [o lig o  dT], RNase H digests RNA only in  an 
RNA/DNA hybrid form, th a t is  the poly A t a i ls  o f the RNA associated 
w ith o ligo (dT ). Such treatment should then remove the poly(A) t a i ls
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Table 4 .2 . Percentage o f  Po ly(A +) RNA S p e c if ic  f o r  D if fe re n t
Akabane V iru s  S tra in s .
Virus S tra in  Percentage o f poly(A+) RNA
Japanese (JaGAr 39) 24.25
A ustra lian  (B8935) 23.42
Omani Iso la te  11 20.66
Omani Iso la te  47 15.51
Uninfected Cell Control + actinomycin D 10.48
Uninfected Cell Control -  actinomycin D 51.03
-  137 -
and the re su ltin g  mRNAs should migrate fa s te r on formaldehyde/ 
agarose gels (Cavanagh and B a rre tt, 1988). However, as can be seen 
from Plate 4.7 such treatment had no appreciable e ffe c t on the 
m igration o f even the sm allest RNA species. Therefore, i f  poly A 
t a i ls  e x is t as ind icated by binding on the MAP-paper, then they are 
very short.
I t  can also be seen from Plate 4.7 th a t the two la rger mRNA 
species (A and B) bind more e f f ic ie n t ly  to  the MAP paper [compare 
the f i r s t  poly(A+) and the th ird  po ly(A -) tracks ] w ith  each group 
o f v iruses. I t  is  possible th a t the la rger mRNAs have longer 
poly(A) t a i ls  and th a t the smaller mRNAs have shorter poly(A) 
ta i ls .  I f  th is  is  the case then the m igration d iffe rences in  the 
absence o f poly(A) t a i ls  ( i . e .  plus RNase H) would not be apparent 
since in  each case the reduction in size a fte r  RNase H would be 
re la t iv e ly  sm all. The d iffu s e  RNA smear seen between bands C and D 
in  the A" RNA is  probably due to  some residual contaminating 
c e llu la r  RNA which is  not polyadenylated and is  re s is ta n t to  
actinomycin D in h ib it io n .
4 .2 .6  Analysis o f dsRNA formed by Self-annealing o f d if fe re n t 
Akabane V irus RNA S tra ins
Self-annealing o f Akabane RNA resu lts  in  fou r d is t in c t  double 
stranded RNA species (see Plate 4 .8 ). This is  due to  the 
hyb rid iza tion  o f each mRNA species w ith  the corresponding sequence 
in one o f the genome segments (Pattna ik and Abraham, 1983).
In th is  study se lf-annea ling  o f each o f the Akabane iso la tes
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Plate 4.7 Analysis o f  polyadenylated and non-polyadenylated RNA in 
Akabane'vi rus in fec ted  BHK-21 c e l ls  on 1.5% formaldehyde-agarose 
g e l .
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resulted as expected in  fou r major double-stranded ( i . e .  re s is ta n t 
to  RNase A) RNA species (A-D) (see Plate 4 .8 ).
The d iffe rences bewteen the Japanese, A ustra lian and the two 
Omani s tra in s  are c le a r ly  shown in  m igration rates o f segment B 
(Japanese, lane 1; A us tra lian , lane 4; Omani 11 and 47, lanes 2 and 
3). Also some d iffe rences between the v iru s  s tra in s  are seen in the 
m igration rates o f segments C and D, but in each case the two Omani 
iso la tes  were id e n tic a l.
Without the RNase A treatment the fou r bands could not be 
resolved (see lane 7-10). This ind ica tes th a t they are not pe rfect 
hybrids but have single-stranded t a i ls  which e ffe c t the m igration 
on PAGE.
4.2 .7 Examination of BTV4 Proteins by PAGE
The prote ins produced on in fe c tio n  by Omani iso la tes  5557 and 2 
were analysed by e lectrophoresis in  11% polyacrylamide gel and 
compared to  the v ira l prote ins produced from various BTV4 iso la te s  
(Turkey, South A fr ic a , Kenya, Egypt and Asot 1 s tra in s  (P la te  4 .9 ).
The id e n t if ic a t io n  o f d if fe re n t bands is  as described by Mertens 
et al.  (1984, 1987a) fo r  BTV1. The pro te ins produced by iso la tes  
5557 and 2 were id e n tica l to  each other and showed some c lea r 
s im ila r it ie s  to  those o f the other BTV4 s tra in s  analysed (see Plate 
4 .9 ). Asot 1 showed greatest s im ila r ity  to  the Omani 2 and 5557 
s tra in s  when analysed by th is  technique and could only be 
d istinguished from them by s l ig h t ly  slower m igration o f VP6. The 
remaining fou r iso la tes  o f BTV4, although apparently s im ila r  to
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Plate 4.8 Analysis o f  dsRNA formed by se lf-annea ling  o f Akabane
v iru s  RNA o f d i f f e r e n t  s t ra in s  in the presence o f  AMD on 10% PAGE.
Lanes M: BTV marker RNA; Lanes 1 and 7: Japanese;
lanes 2 and 8: Omani 11; lanes 3 and 9: Omani 47;
lanes 4 and 10: A u s tra l ia n ;  lanes 5 and 11: con tro l c e l ls  in
presence o f  AMD; lanes 6 and 12: con tro l c e l ls  in  absence o f  AMD.
Lanes 1-6 were trea te d  w ith  RNase A.
Lanes 7-12 were in  the absence o f  RNase A.
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Plate 4.9 Analysis o f  the p ro te ins  induced in BHK-21 c e l ls  by Omani 
iso la te s  2 and 5557 compared to  those induced by other BTV4 (Asot 
1, Egypt, South A fr ic a  and Kenya) s tra in s  on 11% PAGE.
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Plate 4.10 Comparison o f  the dsRNA p r o f i le s  o f  Omani iso la te s  2 and 
5557 w ith  those o f o ther BTV4 (South A f r ic a ,  Kenya, Egypt, Turkey 
and Asot 1) s t ra in s  by 10% PAGE.
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each other, in add ition  to  a s l ig h t ly  slower m igration o f VP6, also 
d i f fe r  from the Omani 2 and 5557 s tra ins  in  the m igration o f NS2 
and VP2 (re s u ltin g  in  the separation o f VP2 and VP3 by th is  gel 
system).
In add ition  to  some va ria tio n  in NS2, d iffe rences were c le a r ly  
seen between a l l  o f the BTV4 s tra in s  analysed and the BTV1 South 
A frica  marker, in  prote ins VP2 and VP5, the two most 
sero type-spec ific  prote ins (Mertens et a h , 1987b, 1989).
4 .2 .8 Analysis o f BTV4 Genomic dsRNA P ro file s  by PAGE
The genomic dsRNA extracted from c e lls  in fected w ith each v iru s  
is o la te  (S. A fr ic a , Kenya, Egypt, Turkey, Oman 2, Oman 5557 and 
Asot 1) were analysed by 10% PAGE (P late 4.10). Previous stud ies 
have shown th a t d if fe re n t BTV serotypes and iso la tes  from d if fe re n t 
geographical o r ig in s  can show re la t iv e ly  large va ria tio n s  in  the 
PAGE genome p ro f ile s  (Pedley et a h , 1988). However, a l l  the BTV4 
iso la tes  examined here exh ib ited broadly s im ila r  dsRNA p ro f ile s  
w ith  only minor d iffe rences in  the m igration o f some in d iv id u a l 
genome segments. These iso la tes  can be divided in to  two groups 
according to  both the resu lts  o f the prote ins analysis (see above) 
and the minor d iffe rences detected in  the m igrations o f the genome 
segments.
Group A contains the iso la tes  from South A fr ic a , Kenya, Egypt 
and Turkey, while group B contains Oman 2, Oman 5557 and Asot 1. 
Most members o f group A showed some minor d iffe rences to  those o f 
group B in  the m igration o f a l l  genome segments except segments 6
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and 10.
W ithin group A the RNA p ro file s  are very s im ila r , the greatest 
va r ia tio n  occurring in the m igration o f segment 7. The other minor 
detectable d iffe rences w ith in  th is  group were in  the m igration o f 
segment 1 o f Kenya and segments 5 and 8/9 o f the Turkey is o la te . 
Group B viruses appear to  e x h ib it a s l ig h t ly  wider v a r ia tio n  in 
m igration o f genome segments w ith  d iffe rences detected in segments 
4, 7 and 10 o f Asot 1 and segments 5 and 6 o f Oman 5557.
4.3 Discussion
In th is  study i t  was observed th a t a l l  the Akabane iso la te s  from 
very diverse o r ig in s  which have been examined have 
ind is tingu ishab le  p ro te in  p ro f ile s . These re su lts  suggest th a t the 
prote ins o f Akabane v iru s  s tra in s  do not show s ig n if ic a n t v a r ia tio n  
in m igration patterns. D ella-Porta et ah  (1981) reported the 
is o la tio n  o f a clone o f Akabane v iru s  (from mosquito passaged 
m a te ria l) which had a lower molecular weight G2 g lycopro te in . This 
was not observed in Oman is o la te  11 which was o r ig in a lly  iso la ted  
from C. imicola. S im ila r ly  the molecular weights o f the Akabane 
v iru s  p ro te in  (L and G1) reported by McPhee and D ella-Porta (1981) 
were lower, compared to  those reported in  th is  study (see Table 
4 .1 ).
The non-structu ra l prote ins spec ified  by several viruses o f the 
Bunyavirus genus have recently  been id e n t if ie d , most o f which 
migrate fa s te r than N (Ushijima et a l . ,  1981; F u lle r and Bishop, 
1982; Short et a l . ,  1982; E l l io t ,  1985; McPhee and D ella-Porta ,
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1988). Two o f these correspond to  proteins o f molecular weight 17K 
and 16K noted in th is  study and detected previously fo r  Akabane 
v irus  (McPhee and D ella-Porta, 1988). I t  would appear tha t the 
l ik e ly  non-structu ra l prote ins m igrating fa s te r than N may be v iru s  
coded because they were unique in each v iru s  and they were not 
detected in  mock-infected c e lls .
Unfortunately there was no time to  investiga te  fu r th e r the other 
forms o f in h ib ito rs  fo r  g lycosy la tion  and also to  see i f  N pro te in  
was phosphorylated. Among the Simbu group o f the Bunyaviruses an 
apparent doublet o f N was also observed in  c e lls  in fected w ith  Aino 
and Peaton viruses (McPhee and D ella-Porta, 1988).
In sp ite  o f the negative re su lts  w ith  the RNase H experiment, 
the fa c t th a t RNAs bind to  Hybond-Messenger A f f in i t y  Paper 
ind ica tes the presence o f poly(A+) RNA, which may be very short.
The Omani iso la tes  2 and 5557 were s im ila r  to , although 
d is tingu ishab le  from Asot 1 (Cyprus), th is  is  to  be expected since 
they are a l l  from the same geographical area and may share a common 
ancestor. Perhaps s u rp ris in g ly  the Turkish is o la te  appeared to  show 
greater s im ila r it ie s  w ith  the A frican iso la te s  than to  Asot 1. 
However, the Turkish v iru s  may have been introduced in to  the region 
during the large scale im portation o f animals from A fr ic a  in to  the 
region.
Asot 1 was o r ig in a lly  iso la ted  in  Cyprus in  1969 and despite 
la rge r d iffe rences in  genome p ro f ile s , has been shown to  have high 
leve ls  o f RNA sequence homology in  the m a jo rity  o f the genome 
segments, to  an e a r l ie r  iso la te  o f BTV3 from Cyprus (Mertens
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et a h ,  1987b). The is o la tio n  o f viruses s im ila r to  Asot 1, two 
decades la te r  ind ica tes th a t BTV can be re la t iv e ly  stab le in the 
wi Id.
I t  was considered unnecessary to  examine th is  group o f BTV4 
iso la tes  by agarose gel e lectrophoresis since th e ir  s im ila r it ie s  by 
PAGE ind ica tes tha t they would have been ide n tica l (Pedley et a l . , 
1988). However, th is  technique would prove useful to  confirm th e ir  
id e n t it ie s  as being members o f the BTV serogroup.
The present study has shown th a t using the genomic p ro f i le  
ana lys is , d iffe rences in  m igrations! patterns can be seen. This 
proves th a t these f ie ld  iso la tes  are not a laboratory contaminants.
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CHAPTER FIVE
REPLICATION OF OMANI VIRUS ISOLATES IN CULICOIDES VARIIPENNIS
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5.1 Introduction
The present study was undertaken to  determine whether Omani 
f ie ld  v irus  iso la tes  5557 (BTV type 4) and 11 (Akabane v iru s ) would 
m u ltip ly  in C. var i ipennis  a fte r  o ra l ingestion . Worldwide several 
species o f Culicoides have been incrim inated as being b io lo g ica l 
vectors o f BTV ( C. fu lvus , C. ac ton i , C. b re v i ta r s is , C. wadai, C. 
imicola, C. m i ln e i , C. tororoensis , C. var i ipenn is , C. ins ign is , 
and C. obsoletus) and Akabane v irus  ( C. b rev i ta rs is ,  C. oxystoma 
and C. imicola) .
5.2 Materials and Methods
5.2.1 Virus
Omani f ie ld  iso la tes  5557 and 11 o r ig in a lly  iso la ted  in 
embryonating chicken eggs were used to  in fe c t Culicoides a f te r  
seven passages in  BHK-21 c e lls .
5.2.2 Insects
C. vari ipennis  were obtained from labora tory colonies maintained 
a t the In s t itu te  fo r  Animal Health -  P irb r ig h t Laboratory (Boorman,
1974). P rio r to  use they were fed on 10% sucrose so lu tion .
5.2.3 Infection, Maintenance and Storage of Culicoides
Two groups o f Culicoides each contain ing about 200 in d iv id ua ls  
were used. Each group was allowed to  feed fo r  15 minutes through a 
membrane o f one-day-old chick (M ello r et ah  , 1974), on a m ixture 
o f heparinized sheep blood and p re - t it ra te d  v iru s , e ith e r is o la te
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5557 (5.7 logio TCIDso/O.1ml) or iso la te  11 (5.5 logio
TCIDso/O.1ml). The v irus-b lood mixture was maintained during
feeding at a temperature o f 38-40°C by means o f a water jacke t.
A fte r feeding the midges were anaesthetized w ith  CO2 and the blood
engorged ind iv id ua ls  separated under a b inocular stereomicroscope
(M ellor et a l . ,  1974). The blood engorged midges were maintained at
24-26°C and ambient humidity (70-80% RH) in 5cm diameter waxed-card
p i l l  boxes, the tops o f which were covered w ith  nylon stocking. A
10% so lu tion  o f sucrose in a feeding b o ttle  and water from a f i l t e r
paper wick was ava ilab le  to  the insects. Between 10 and 20 midges
were removed from the cages at d a ily  in te rv a ls  and stored a t -70°C
in b ijoux b o ttle s  containing a damp cotton wool p i l l  ( to  avoid 
! ^destina tion ) u n t il required fo r  t i t r a t io n  assays.
5 .2 .4  T itra t io n  o f V irus Present in  Culicoides
Virus t i t r a t io n  were conducted in  BHK-21 c e lls  th a t had been set 
up 24 hours previously in  "Nunc" fla t-bottom ed m ic ro titre  p la tes. 
The c e lls  were propagated in  Eagle’ s growth medium containing 
a n tib io t ic s  (see Chapter 2) and were used a t a seeding rate o f 5 x 
105 ce lls /m l w ith 100ul/well so as to  give a monolayer in 24 hours. 
Infected Culicoides were ground e ith e r  in d iv id u a lly  or in groups o f 
about 10 insects in  G r i f f i t h  tubes contain ing 1ml o f d ilu e n t (see 
Chapter 2). A series o f 10-fo ld d ilu t io n s  was made and each 
d ilu t io n  was inoculated in to  f iv e  w e lls  o f a m ic ro t itre  p la te  w ith  
100ul per w e ll. The plates were sealed and incubated a t 37°C and 
examined fo r  CPE on days three and f iv e  as described p reviously.
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The v irus  t i t r e  was calcu la ted using the method o f Karber (1931). 
The amount o f v irus  in the insects was expressed as logio TCIDso 
per insect.
5.3 Results
The concentration o f v iru s  in the in fe c tin g  blood meals was 6.7 
and 6.5 logio TCIDso/ml fo r  Oman 5557 and 11 viruses, respective ly .
Ind iv idua ls  o f C. var i ipennis  were susceptib le to  ora l 
in fe c tio n  w ith  both iso la tes  5557 and 11 and maintained the viruses 
fo r  a t least 10 days post in fe c tio n  (F ig . 5.1 and 5 .2 ). The mean 
amount o f v irus  ingested by each Culicoides (the day 0 value) was
2.7 and 1.9 logio TCIDso/insect fo r  Oman 5557 and 11 v iruses, 
respective ly . Figure 5.1 shows the rate o f m u lt ip lic a tio n  o f Oman 
5557 (BTV4) in  C. var i ipennis  a f te r  o ra l ingestion . In in fected  
f l ie s  the v irus  t i t r e  f e l l  m argina lly during the f i r s t  48 hours 
a fte r  the b lood-virus meal and then increased ra p id ly  to  reach a 
peak a fte r  10 days incubation (mean t i t r e  o f 5.9 logio TCDso/fly). 
Figure 5.2 shows the rate o f m u lt ip lic a t io n  o f Oman 11 (Akabane 
v iru s ) in  C. var i ipennis  a fte r  o ra l ingestion . The v iru s  t i t r e  f e l l  
sharply from 1.9 to  0.5 logio TCDso/fly during the f i r s t  48 hours 
post in fe c tio n  and then s te a d ily  increased to  reach a peak a f te r  10 
days (mean t i t r e  o f 2.1 logio TCDso/fly).
-  151 -
6.0)
5.5
5.0
4.5
4.0
3.5
<D
Cl
o
io□
O
t—
3.0
oO)o
2.5
tn3i_ 2.0
>
0.5
Days post infection
Figure 5.1 M u lt ip lic a tio n  o f Omani is o la te  5557 v irus  in 
C. vari ipennis  a f te r  oral ingestion .
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a fte r  oral ingestion.
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5 .4  D iscuss ion
In th is  experiment we have shown th a t both Oman iso la tes  5557 
and 11 m u ltip ly  in  C. vari ipennis  when ingested o ra lly  and tha t 
both iso la tes  are maintained fo r  a t least 10 days post in fe c tio n . 
With iso la te  5557, the v irus  m u ltip lie d  ra p id ly  in the insects 
fo llo w in g  ingestion and exceeded 5.0 logio TCIDso by day f iv e  
reaching a peak o f 5.9 logio TCIDso per f l y  a fte r  10 days 
incubation, an increase o f more than 3000 fo ld  over the day 0
value. S im ila r re su lts  have been reported by Foster and Jones
(1979) when o ra lly  in fe c tin g  C. var i ipennis  w ith  BTV.
With iso la te  11 (typed as Akabane) there was a s ig n if ic a n t drop 
in  v iru s  t i t r e  in the f i r s t  48 hours post in fe c tio n  but the v irus
concentration then rose s te a d ily  to  reach 2.1 logio TCIDso by day
10. Jennings and M ellor (1989) have recently  shown th a t Akabane 
v iru s  can re p lica te  to  high concentration in  C. var i ipennis  a f te r  
ora l in fe c tio n  and the v irus  was transm itted through a membrane by 
th is  species o f midge 7 to  10 days a fte r  in fe c tio n .
Epidemiological surveys and v iru s  is o la t io n  studies both confirm  
the status o f Culicoides as b io lo g ica l vectors o f Akabane v iru s  
(Doherty et a h ,  1972; Kurogi et a h ,  1987; Theodoridis et a h ,  
1979; Jennings and M ello r, 1989). Whether mosquitoes are also 
b io lo g ica l vectors o f th is  v iru s  remains to  be confirmed. Akabane 
v iru s  was o r ig in a lly  iso la ted  from Cx. tr i taeniorrhynchus  and Ae. 
vexans in  Japan (Oya et ah , 1961) and has since been iso la ted  from 
An. funestus in Kenya (Metselaar and Robin, 1976) but attempts to  
demonstrate v irus  re p lic a tio n  in  mosquitoes have so fa r  proved
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unsuccessful ( in  St. George et a l . ,  1978b; Kay et a h ,  1975).
Vector competence studies on Culicoides species have suggested 
tha t both BTV and Akabane v iru s  may be transm itted by the same 
species o f Culicoides. C. var i ipennis  is  known to  be the major 
North American vector o f BTV and Jennings and M ellor (1989) have 
now shown tha t th is  species is  also able to  transm it Akabane v iru s . 
C. imicola is  the c la ss ica l Old World BTV vector and the present 
studies have recorded the is o la t io n  o f an Akabane v irus  ( is o la te  
11) from C. imicola in  the Sultanate o f Oman (see Chapter 3). 
Further, C. imicola is  very c lose ly  re la ted to  and may even be 
conspecific w ith C. b re v i ta rs is  in  A u s tra lia  (Debenham, 1978) and 
both Akabane v iru s  and BTV have been iso la ted  from th is  A ustra lian  
midge (S t. George et a h ,  1978b; Standfast et a h ,  1985).
C. schul tze i  group midges are suspected o f being involved in  BTV 
transmission in  A fr ic a  (M ello r et  a h ,  1984) and Akabane v iru s  has 
recently  been iso la ted  from C. oxystoma, a member o f the schu ltze i 
group, in  Japan (Kurogi et a h ,  1987). This species group should 
there fore  also be considered as p o ten tia l Akabane v iru s  vectors. C. 
nubeculosus a monoculicoides w i l l  also transm it BTV although ra ther 
in e f f ic ie n t ly  (Jennings and M ello r, 1988) but fu r th e r studies are 
required before i t s  s u s c e p t ib il ity  to  ora l in fe c tio n  w ith  Akabane 
v irus  can be re lia b ly  established (Jennings and M ellor, 1989).
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CHAPTER SIX
AKABANE VIRUS: PREVALENCE OF NEUTRALIZING ANTIBODIES TO AKABANE 
VIRUS IN THE ARABIAN PENINSULA
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6.1 In tro d u c tio n
Akabane v irus  is  an insect-transm itted  member o f the Simbu 
serogroup o f the Bunyaviridae. I t  causes ep izootics and sporadic 
outbreaks o f abortions, premature b ir th s , s t i l lb i r t h s  and 
congenital abnorm alities characterised by arthrogryposis, 
hydranencephaly or microanencephaly in c a tt le ,  sheep and goats 
(Inaba and Matumoto, 1981; Inaba et a h ,  1975; Kurogi et a h ,
1977a, 1977b; Parsonson et a h ,  1977). Akabane v irus  also in fe c ts  
equines (Cybinski et a h ,  1978) but has not so fa r  been recorded as 
causing disease. A d d itio n a lly  the v irus  has been iso la ted both from 
Culicoides midges (Doherty et a h ,  1972; Theodoridis et a h ,  1979) 
and mosquitoes (Oya et a h ,  1961; Metselaar and Robin, 1976).
C lin ic a l disease in  calves, lambs and kids has been reported 
from a number o f countries inc lud ing Is rae l (Markusfeld and Mayer, 
1971; Shimshony, 1980), Turkey (Urman et a h ,  1979), Japan (Kurogi 
et a h ,  1976; Omori et a h ,  1974) and A u s tra lia  (H artley et  a h ,
1975). In A fr ica , outbreaks o f congenital defects in calves due to  
Akabane v iru s  in fe c tio n  have been reported in  South A fr ic a  
(Barnard, 1977).
More recently , sero log ica l studies have not only extended the 
known d is tr ib u t io n  o f Akabane in fe c tio n  to  many other parts o f the 
world inc lud ing Cyprus (S e lle rs  and Herniman, 1981), the Far East 
(P o r te r f ie ld  and D ella-Porta, 1981), Kenya (Davies and Jesset^p 
1985) and Syria (W.P. Taylor, unpublished data, 1986), but they 
have also extended the number o f animal species thought to  be 
susceptib le to  Akabane v iru s . Al-Busaidy et ah  (1987) reported
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antibodies to  Akabane v irus  in the sera o f 25 out o f 41 fre e - l iv in g  
species o f w i ld l i fe  from 11 A frican countries south o f the Sahara 
showing both the wide geographical d is tr ib u tio n  o f the v iru s  in 
A fr ic a  and also the wide range o f susceptib le species o f animals. 
This suggests th a t the v iru s  has been present in th is  part o f the 
world fo r  a considerable period o f time.
C lin ic a l disease has not been reported in adu lt c a tt le ,  sheep or 
goats but when susceptib le pregnant animals are in fected , during 
the f i r s t  tr im es te r o f pregnancy the v iru s  is  able to  cross the 
placental b a rr ie r  causing abortion and congenital abnorm alities. 
(Kurogi et a l . ,  1977a). Major epidemics o f disease occur when 
Akabane v iru s  enters previously ,,clean,‘ areas where there are large 
numbers o f susceptib le animals in  ea rly  pregnancy.
Akabane disease has not previously been reported in  the Arabian 
Peninsula, but sporadic outbreaks o f abortions, premature b ir th s  
and congenital abnorm alities observed in  Bahrain (J. Brownlie, 
personal communication, 1987) and Oman (au thor’ s unpublished 
observations, 1986) are suggestive o f Akabane in fe c tio n .
The ob ject o f the present work the re fo re , was to  confirm the 
presence o f Akabane v iru s  in  the Arabian Peninsula and then to  
investiga te  the epidemiology o f the v iru s  in  th is  part o f the world 
by determining the prevalence and d is tr ib u t io n  o f Akabane 
antibodies among the domestic animals.
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6.2 M ateria ls and Methods
6.2.1 V irus
Akabane v irus  s tra in  JaGAr 39 th a t had been passaged 19 times in  
mouse brain and was o r ig in a lly  supplied by Dr. Inaba o f the 
National In s t itu te  o f Animal Health, Japan, was passaged a fu r th e r 
s ix  times in BHK-21 c e lls  before use. Stock v iru s  was mixed w ith  an 
equal volume o f Parke Davies ad d itive  medium (PDAM) and stored at 
-70°C in 1ml volumes.
6.2.2 Test Sera
a) Sentinel Herds
The serum samples used were taken at approximately monthly 
in te rva ls  from; two sentine l c a lf  herds a t Dhamar and Al-Gharabeh 
in  North Yemen (between 1983 and 1984), and three herds at Rumais, 
Sohar and Salalah in  Oman (between 1984 and 1986) (see Table 6 .3 ). 
The age o f the calves in  the Yemeni sen tine l herds was about f iv e  
months when f i r s t  sampled. In Oman, calves from sen tine l herds were 
bled fo r  serum during the f i r s t  week o f l i f e  and then a t 
approximately monthly in te rv a ls . Whenever possible mothers were 
bled at the time the c a lf  was f i r s t  sampled. A ll sen tine l herds 
were in continuous residence on th e ir  respective farms during the 
sampling period and were kept under open shades.
b) F ie ld  Serum Samples
Serum samples co llected during various epidem iological surveys 
between 1983 and 1986 from d if fe re n t farm animals in  the countries
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o f the Arabian Peninsula were also ava ilab le  fo r  te s tin g  (See 
Tables 6.1, 6.2, and 6 .4 ). The ages o f the donor animals were 
estimated from th e ir  d e n titio n  (Sisson, 1953).
6.2 .3 Serum N eu tra liza tion  Test
This was e sse n tia lly  the same procedure as described in  Chapter 
2, except tha t the f in a l serum d ilu t io n s  fo llow ing  the add ition  o f
100 TCIDso o f v iru s  were 1/40, 1/80 and 1/160. A ll other steps were
id e n tica l to  those described in  Chapter 2. Antibody t i t r e s  were 
expressed as a reciproca l o f the f in a l d ilu t io n  o f serum in  the 
serum/virus mixtures which neutra lized v irus  at the 50 per cent 
end-point, estimated according to  the method o f Karber (1931).
Serum samples were recorded as being po s itive  fo r  Akabane only 
when the antibody t i t r e s  were equal to  or greater than 1 in  80 
(Al-Busaidy et  a 7., 1987). These authors suggested th a t t i t r e s  
below th is  leve l may be caused by the presence o f non-specific  
v iru s  in h ib ito rs  in  the sera.
6.3 Results
The resu lts  o f the serum v iru s  n e u tra liza tio n  te s ts  fo r  Akabane 
v iru s  on sera taken from animals in  Oman and North Yemen during
1983 and 1984 are presented in  Tables 6.1 and 6.2. In 1983,
serum -neutra lizing antibodies to  Akabane V irus were found 
throughout the age groups o f animals tested, while in  1984 there 
were no ne u tra liz in g  antibodies in sera from animals in  the s ix  
months to  one year age group. This suggests th a t the v iru s  a c t iv i ty
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Table 6.2 N eutra liz ing antibody to  Akabane v irus  in domestic animals in  North Yemen
during 1983-1984.
Animal species 6 months- 
1 year
1-2 years 2-3 years 3 years Total
December 1983
Cattle 2/32 6% 6/45 13% 7/40 18% 5/23 22% 20/140 14%
Goats 3/17 18% 4/32 13% 6/25 24% 10/36 28% 23/110 21%
Sheep 6/20 30% 11/50 22% 7/30 23% 14/53 26% 38/153 25%
Equines - — — —, — 12/80 15% 12/80 15%
November 1984
C attle 0/12 - 2/15 13% 3/20 15% 1/10 10% 6/57 11%
Goats 0/30 - 3/20 15% 6/40 15% 15/35 43% 24/125 19%
Sheep 0/14 - 4/24 17% 6/21 29% 5/20 25% 15/79 19%
Equines - • 7/15 47% 7/15 47%
Table 6.3 Surveillance of Akabane antibodies in sentinel herds in Oman and North 
Yemen.
Region Duration No. of Maternal Seroconversion
animals antibodies3
Oman
Sohar Aug. 1984-Nov. 1986 47 31/47 66% None
Rumais Aug. 1984-Nov. 1986 39 29/39 74% None
Salalah Aug. 1984-Nov. 1986 57 42/57 74% None
srth Yemen
Dhamar May 1983-Nov. 1984 20 0/20b - None
Al Gharabeh June 1983-July 1984 15 0 /1 5b None
3 Antibodies present in f i r s t  sample taken a fte r  b irth  but decaying by 6 
months of age.
b These animals were about 5 months old when f i r s t  counted therefore one 
would not expect to find maternal antibodies.
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had been o c c u rr in g  in  both Oman and North Yemen d u rin g  mid to  la te
1983 but had ceased by the middle o f 1984. Corroborative evidence 
from Oman is  displayed in Table 6.3 where three sen tine l herds 
fa ile d  to  show seroconversions to  Akabane v iru s  between August 1984 
and November 1986. Two sentine l herds in  North Yemen also fa ile d  to  
show seroconversions during a period extending from May 1983 to  
November 1984.
An ind ica tion  o f the prevalence o f Akabane antibodies in  c a tt le  
in  the remaining countries o f the Arabian Peninsula during 1983,
1984 and 1986 is  given in Table 6.4. Some one year old c a tt le  in  
Bahrain, Kuwait and Saudi Arabia developed n e u tra liz in g  antibodies 
to  Akabane v iru s  during 1986. The mean decay rate o f the maternal 
antibodies in  calves in  the sentine l herd in  Oman is  shown in  
Figure 6.1. As maternal antibodies are no longer detectable by the 
time the calves reach s ix  months o f age, n e u tra liz in g  antibodies 
recorded subsequent to  th is  time must be due to  in fe c tio n s  
experienced by the c a lf  and not to  antibodies passed in  colostrum 
from the mother.
6.4 Discussion
The re su lts  o f th is  study ind ica te  th a t in fe c tio n  w ith  Akabane 
can occur a l l  over the Arabian Peninsula but the v iru s  is  probably 
not endemic there and is  c e r ta in ly  not endemic in  the Southern pa rt 
o f the Peninsula in Oman and North Yemen.
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Table 6 .4  The prevalence o f Akabane antibodies in c a tt le  in other countries  
o f the Arabian Peninsula.
Year Age Saudi
Arabia
Kuwait Bahrain South
Yemen
United Arab 
Emi rates
1983 Adult 10/176 32/460 3/24
1984 Adult - - 77/164 - 9/23
1985 1 year 2/32 6/102 9/56 *■
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Figure 6.1 The decay rate o f maternal antibodies to  Akabane v irus  in  
the sen tine l herds in  Oman.
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The data presented here support the hypothesis th a t Akabane 
v iru s  incursions in to  the south o f the peninsula are not a regular 
annual event, but are a sporadic occurrence. I f  Akabane incursion 
were to  be an annual event the proportion o f antibody po s itives  
would be expected to  increase s ig n if ic a n t ly  year by year w ith  age. 
This increase should be evident in a l l  the susceptib le species, 
espec ia lly  c a tt le ,  which are considered to  be the preferred hosts 
fo r  most o f the l ik e ly  vector species o f Culicoides. Our data show 
th a t an increase in antibody po s itives  w ith  age did apparently 
occur in  some o f the species groups. However, in  view o f the number 
and species o f animals involved th is  was in s u ff ic ie n t to  suggest 
annual incursions o f the v iru s . In ad d itio n , the lack o f 
seroconversions between August 1984 and November 1986 in  the three 
sen tine l c a lf  herds in Oman also suggests th a t incursion by Akabane 
v iru s  is  not an annual event. The absence o f reported c l in ic a l 
signs which would be a ttr ib u ta b le  to  Akabane in fe c tio n  from animals 
in  both countries a t th is  time supports these assertions. However, 
in Kuwait, Saudi Arabia and Bahrain there appears to  have been an 
incursion in  1985/1986, as some one year o ld  c a tt le  from these 
countries were found to  possess antibodies to  Akabane v iru s  (Table
6 .4 ). These could not be a ttr ib u te d  to  maternal tra n s fe r since 
passive antibodies disappear by the seventh month o f l i f e  (F ig . 
6 . 1).
Tables 6.1 to  6.3 show th a t animals in  Oman and North Yemen were 
in fected a t about the same tim e, between January and December 1983. 
However, the v iru s  had apparently disappeared from both countries
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by 1984, as evidenced by the to ta l absence o f seroconversions in 
calves born during th a t year. As in fe c tio n  in a l l  groups o f c a tt le  
in Oman and North Yemen had been running between 6 and 62% (Tables
6.1 and 6.2) during 1983, then a proportion o f the calves born in 
1984 would have been susceptib le during every month o f th a t year. 
Therefore i f  v irus  had persisted in to  1984, some seroconversions 
would have been expected in  th a t year. A s im ila r phenomenon was 
observed in  Western Turkey (W.P. Taylor, personal communication, 
1985). The absence o f seroconversions in  the two sentine l c a lf  
herds maintained in  North Yemen a t th is  time is  puzzling and 
suggests th a t the v iru s  was less widespread than in Oman. I t  is  
also c lea r from Tables 6.1 and 6.2 th a t the proportion o f 
seropositive c a tt le  in  the s ix  months to  one year age group in 
North Yemen in  1983 is  s ig n if ic a n t ly  lower than tha t in  the 
corresponding group in Oman (6% and 52%, re spec tive ly ). Conversely 
a s ig n if ic a n t ly  higher proportion o f sheep and goats in  the s ix  
months to  one year age group were in fected in  North Yemen than in  
Oman in  1983 (24.3% and 7.4%, re spec tive ly ). These apparent 
inconsistencies may be re la ted to  d if fe re n t host preferences o f the 
vectors in  North Yemen and Oman. Sheep and goats may well be b e tte r 
sen tine ls  fo r  Akabane v irus  in  North Yemen than c a tt le .
Data derived from an epidem iological survey conducted in  Oman in 
1978 ind ica te  th a t a t some time p r io r  to  tha t survey, Akabane v iru s  
had in fected horses in  Oman, since sera from equines aged between 
f iv e  and 10 years had been found to  contain Akabane antibodies 
(W.P. Taylor, unpublished data 1978). Taking our data in to  account
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i t  is  there fore  c lea r tha t Oman has had at least two incursions o f 
Akabane v iru s  in  recent times.
In a recent study Sato et al.  (1987) showed th a t the s e n s it iv ity  
o f the n e u tra liza tio n  te s t fo r  bovine antibodies against Akabane 
v iru s  was improved by the incubation o f v iru s  serum mixtures at 4°C 
fo r  48 hours, followed by incubation w ith  complement a t 37°C fo r  60 
minutes compared w ith  incubation at 37°C fo r  60 minutes in  the 
absence o f complement. Marked enhancement (8-16 fo ld ) in  
ne u tra liz in g  antibody t i t r e  was demonstrated in  s ix  calves, 
experim entally in fected w ith  v iru s . The authors also showed th a t 
sera co llec ted  from nine animals fou r weeks a fte r  vaccination w ith  
l iv e  v iru s  gave negative re su lts  by the tra d it io n a l n e u tra liz a tio n  
te s t , but recorded n e u tra liz in g  antibody t i t r e s  o f 8-128 by the new 
method. I t  is  there fore  possib le, th a t some animals considered 
negative in  the present study might have been p o s itive  i f  examined 
by the method o f Sato et a 7. (1987).
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CHAPTER SEVEN
SEASONAL INCIDENCE OF BLUETONGUE, RELATED ORBIVIRUSES 
AND THEIR INSECT VECTORS IN OMAN
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7.1 In tro d u c tio n
In the absence o f c l in ic a l disease and o f su ita b le  f a c i l i t ie s  
fo r  v iru s  is o la tio n  and id e n t if ic a t io n  a sero log ica l approach may 
provide valuable inform ation about the v iru s  types c irc u la t in g  in 
an area (Herniman et a h ,  1983; Gumm et a h ,  1984; Taylor et a l . , 
1985).
In fec tion  o f animals w ith  BTV usually resu lts  in  two types o f 
antibody response group-specific  antibodies raised against antigens 
shared by a l l  members o f the BTV serogroup and typ e -sp e c ific  
antibodies th a t only recognize ind iv id ua l v iru s  serotypes. I t  has 
been shown th a t the s tru c tu ra l v ira l polypeptide VP7 is  the major 
serotype sp e c ific  antigen (Huismans and Erasmus, 1981; Mertens 
et a l . ,  1984). Group reactive tes ts  used fo r  the detection o f group 
s p e c ific  antibodies include the AGID (Jochim and Chow, 1969;
Lefevre and Taylor, 1983), the modified d ire c t complement f ix a t io n  
te s t (Boulanger et a h ,  1967) and various ELISA te s ts  (Manning and 
Chen, 1980; Hubschle et a h ,  1981; Anderson, 1984). The te s ts  
commonly used to  id e n t ify  serotype s p e c ific  antibodies are the 
m ic ro titre  v iru s  n e u tra liza tio n  te s t (S t. George et a h ,  1978a; 
Herniman et a h ,  1983) and the plaque reduction v iru s  
n e u tra liza tio n  te s t (Jochim and Jones, 1976; Thomas and T ra ine r, 
1971).
The aim o f th is  chapter is  to  describe the incidence o f 
in fe c tio n  due to  BTV and other re la ted o rb iv iruses in  a number o f 
sentinel herds in the Sultanate o f Oman.
Samples o f serum were co llected  from in d iv id u a l sen tine l animals
-  169 -
(see Chapter 2) on a monthly basis and were tested fo r  the presence 
o f group-specific  antibodies using both the AGID (Lefevre and 
Taylor, 1983) and the blocking ELISA tes ts  (Anderson, 1984). By 
sequential serum sampling fo r  group-specific  antibodies in th is  way 
i t  is  possible to  id e n t ify  time periods in  which in fe c tio n  occurs 
(seroconversions). This inform ation can then be corre la ted w ith  the 
p reva iling  climate conditions and other p o te n tia lly  important 
fac to rs  such as the seasonal incidence and prevalence o f vector 
species o f insects.
The AGID te s t was chosen as one o f the te s ts  to  be used in  th is  
study because i t  is  simple, cheap, easy to  perform and is  f u l ly  
reproducible. Also i t  is  s t i l l  the basic te s t used in  most 
bluetongue labora to ries . However, the disadvantages o f th is  te s t 
include a lack o f s e n s it iv ity  and the presence o f cross-reactions 
w ith other bluetongue re la ted o rb iv iruses  (Jochim, 1976;
Della-Porta et a l . , 1985; Mohamed and Taylor, 1987). The blocking 
ELISA which detects only antibodies against BTV serogroup viruses 
(Anderson, 1984), was used in  conjunction w ith  the AGID te s t in  
th is  study to  enable d if fe re n t ia l diagnosis to  be made between 
bluetongue serogroup sero log ica l responses and those o f other 
c lose ly  re la ted v iru s  groups (see Chapter 1).
In an attempt to  id e n tify  the types o f BTV occurring at 
d if fe re n t times in  the 34 sentine l herds in Oman (see Fig. 2.1) 
m ic ro titre  n e u tra liza tio n  te s ts  were performed on those sera found 
to  contain BTV group-specific  antibod ies. Testing sera from mature 
animals fo r  typ e -sp e c ific  antibodies has lim ite d  value since such
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animals may have undergone m u ltip le  v iru s  exposures. This is  l ik e ly  
to  re su lt in a broad antibody response inc lud ing antibodies to  
v iru s  types w ith which they have never been in fected (Jeggo et a l . ,  
1983). A s ig n if ic a n t po in t in  the present study therefore was the 
se lec tion  o f sentine l animals which were sero log ica l naive to  BTV. 
This usually involved choosing young animals which were also free  
from maternal antibodies.
The sentine l sera can be in te rpre ted  in two ways, e ith e r by 
looking fo r  monospecific responses to  id e n tify  which BTV type was 
responsible. In th is  event the sera should show a high leve l o f 
n e u tra liz in g  antibody against a s ing le  v irus  type. A lte rn a tiv e ly  
the sera may be examined fo r  the frequency w ith  which n e u tra liz in g  
antibody against each o f the 24 BTV serotypes appears. Should 
antibody against one or more serotypes occur w ith  a high frequency, 
termed a "c lu s te r" , th is  suggests previous experience w ith  these 
serotypes. Antibody c lus te rs  give a broad overview o f v irus  
a c t iv i ty  in  a p a rtic u la r  geographical area (Gumm et a l . ,  1984; 
Taylor et a l . , 1985).
Using a combination o f these techniques, a comprehensive p ic tu re  
o f v iru s  a c t iv i ty  in  an area can be b u i l t  up.
Professor Martin Hugh-Jones o f Louisiana State U n ive rs ity ,
School o f Veterinary Medicine, Department o f Epidemiology and 
Community Health, k ind ly  helped in  the data analysis using the 
S ta t is t ic a l Analysis System [ ( SAS) Users Guide: S ta t is t ic s ,  Version 
5 E d ition , Cary, N .C .]. The computer drawn maps and graphs o f 
period prevalence, seroconversion rates and incidence rates were
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a l l  constructed using Computer Aided Design and Graphic Information 
Systems (CADGIS) software, on a.specia l subset o f the o r ig in a l 
data. The r is k  rates corresponding to  period prevalence, incidence 
and seroconversions were calcu la ted using the methods o f Martin 
et ah  (1987) and Last (1983).
7.2 Results
7.2.1 Id e n tif ic a t io n  o f Group-Specific Antibodies
At convenient in te rva ls  sera from the sequential monthly 
bleedings o f the sentine l herds (see Fig. 2.1) were examined 
in d iv id u a lly  fo r  BTV, EHDV 1, EHDV 2, and EHDV 318 group-specific  
antibodies. Antibodies present immediately a fte r  b ir th  and o f short 
duration were in te rpre ted  as being maternal, but the a cq u is itio n  o f 
g roup-specific  antibodies fo llo w in g  an antibody free s ta te  was 
recorded as a seroconversion (Herniman et a l . ,  1983). C r ite r ia  fo r  
the presence o f BTV group-specific  antibodies were a p o s itive  AGID 
re s u lt and/or an in h ib it io n  o f 50% or more in  the blocking ELISA. 
For EHDV 1, EHDV 2 and EHDV 318 a po s itive  AGID resu lts  and a 
negative BTV ELISA re s u lt was considered to  be s u ff ic ie n t .  
Susceptible animals were those whose sera were negative fo r  
group-specific  antibodies to  each o f the above viruses.
From the monthly d is tr ib u tio n s  o f seroconversions to  bluetongue 
(F ig . 7.1) i t  is  evident th a t in fe c tion s  w ith  th is  v iru s  were 
spread over v ir tu a l ly  the whole year and th a t BTV transmission 
there fore  can occur a t any time o f the year in  Northern Oman.
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However, bearing in  mind the re la t iv e ly  low rates o f 
seroconversions recorded, the m a jo rity  appear to  occur during 
Spring (March-May). This may to  re la te  to  the peak populations o f 
C. imicola (the vector species) recorded at th is  time o f the year 
(see Figs. 7.11 and 7.12). The annual period prevalence (number o f 
new and e x is tin g  cases) o f bluetongue antibodies in the sen tine l 
herds in  North Oman are shown in Fig. 7.2.
The incidence o f EHDV 2 measured as seroconversion per 
susceptib le animal month o f exposure in  North Oman is  shown in  Fig. 
7.3. The monthly d is tr ib u t io n  o f seroconversions to  EHDV2 (F ig .
7.4) in North Oman is  scattered over seven o f the 12 months o f the 
year w ith the peak transmission period (conversion ra te) apparently 
being between August and January. This is  a d if fe re n t pa tte rn  to  
th a t shown by BTV in North Oman and presumably re la tes to  the fa c t 
th a t these two groups o f viruses are probably transm itted by 
d if fe re n t species o f Culicoides.
EHDV viruses may be transm itted by schul tze i  group midges 
(Mohamed and M ello r, personal communication, 1989) and in  North 
Oman peak populations o f th is  group o f insects occurs s l ig h t ly  
la te r  in  the year than w ith C. imicola (May-June, Fig. 7.13) and 
pe rs is ts  in a t least some areas o f North Oman u n t i l  
October-November (F ig . 7.14).
The incidence o f EHDV 318 was extremely low (F ig . 7.5) and 
seroconversions to  th is  v irus  only occurred a t f iv e  farms (0.2% 
conversions) during January and February. No evidence o f in fe c tio n  
w ith EHDV 1 was seen at any o f the 34 sentine l herds in  Oman during
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Figure 7.4 Monthly d is tribu tion  of seroconversions to EHDV2 from March 
1987 to February 1988.
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the  e n t ir e  p e rio cT o f o b s e rv a tio n .
In Salalah (Southern Oman) out o f 77 calves examined no 
antibodies could be detected to  e ith e r BTV or EHDV1, but 14% and 8% 
did show antibodies against EHDV 2 and EHDV 318 respective ly .
7 .2 .2 Detection o f BTV Type-Specific Antibodies
Selected serum-samples from known BTV in fected animals were 
tested in SVNT against BTV serotype 1-24. Whenever possible these 
te s ts  included the f i r s t  serum sample co llec ted  a fte r  
seroconversion. N eu tra liz ing  antibodies against BTV 3, 4, 17, 20 
and 22 were recorded (see Table 7 .1 ). However, BTV types 17 and 20 
are c lose ly  re la ted to  BTV type 4 and in  the absence o f 
monospecific response to  these serotypes i t  is  d i f f i c u l t  to  be 
ce rta in  tha t the antibodies recorded against these v iru s  types are 
sp e c ific  and do not ind ica te  cross reaction w ith  BTV4. The 
prevalence o f antibodies to  BTV 3 (F ig. 7 .6 ), BTV 4 (F ig . 7 .7 ), BTV 
17 (F ig . 7 .8 ), BTV 20 (F ig . 7.9) and BTV 22 (F ig . 7.10) are shown 
along the Batinah coast in  d if fe re n t sen tine l herds in  North Oman.
- 1 7 9  -
Table 7.1 Bluetongue serotypes recorded from sentine l herds in 
North Oman from 1987 to  1988.
Farm No. animals +ve Number o f animals showing antibodies to : -
no. Total no. BTV3 BTV4 BTV17 BTV20 BTV22
1 2/25 1 1 2
2 2/20 1
3 5/20 4 1
4 2/11 2
5 3/10 1 1 1
6 1/10 1
7 11/19 4 5 2 1 1
8 23/47 9 6 2 5
9 8/16 3 2 1
12 9/11 4 4 1 1
13 3/10 1 2 2
14 1/19 1
15 9/10 2 5 1
16 1/15 1
17 5/10 4 1
18 1/20 1
19 4/11 3 1 1
20 3/16 1*
21 23/30 16 5 3
22 8/15 5 1 2
23 1/14 1
24 5/11 5 1 3
27 2/10 2 1
28 3/20 2 2
29 2/20 2 2
32 1/11 1
33 5/28 3 4 3 1
* Oman iso la te  2
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7.2.3 C orre la tion  o f R a in fa ll,  Temperature, R elative Humidity and 
Insect Vector A c t iv ity
R a in fa ll in the Arabian Peninsula is  lim ite d  and very ir re g u la r, 
the only exception is  the regular monsoon patterns along the 
extreme South East o f Arabia (see Fig. 8 .1 ).
Attempts to  co rre la te  r a in fa l l ,  temperature, re la tiv e  humidity
and Culicoides a c t iv i ty  in the v ic in i t y  o f two l ig h t  traps located
at Rumais and Nakhal are shown in Figs. 7.11-7.16. The 
P ®
m e tro lo g ic a l data (National M e tro lo g ic a l Bureau, Oman 1987/88)
used was th a t o f Seeb M e tro lo g ic a l O ffice  as th is  was the nearest
s ta tio n  to  the Rumais and Nakhal tra p  s ite s . I t  is  worth noting
th a t C. imicola trap  catches at Rumais (see Fig. 7.11) were
b e a u tifu lly  corre lated w ith  r a in fa l l ,  w ith  the peak co lle c tio n s  o f
th is  midge being ju s t subsequent to  the ra iny period. However,
there was no apparent co rre la tio n  w ith  re la tiv e  humidity or
temperature. I t  may be th a t the peak populations o f C. imicola are
re la ted to  the a v a i la b i l i ty  o f breeding s ite s  which are most common
ju s t a fte r  the ra ins. However, th is  does not seem to  be the case
when we match the Nakhal C. imicola catch w ith  the Seeb ra in fa l l
(see Fig. 7.12) and i t  may be th a t ra in  a t Seeb and Rumais was not
re flec ted  by s im ila r p re c ip ita tio n  a t Nakhal. C. schul tze i  catches
at Rumais (see Fig. 7.13) were also corre la ted w ith  the nearby Seeb
ra in fa l l  w ith  respect to  ea rly  1987, but the Nakhal p ic tu re  (see
Fig. 7.14) is  more d i f f i c u l t  to  in te rp re t. I t  may ind ica te  a more
prolonged peak breeding season o f C. schu l tze i  in  th is  area
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F igure  7.11 C. imicola a c t iv i t y  per t ra p  n ig h t in  Rumais -  c o r re la t io n
w ith  r a in f a l l ,  tem pera ture  and r e la t iv e  h u m id ity .
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Figure 7.12 C. imicola  a c t i v i t y  per t r a p  n ig h t  in  Nakhal -  c o r r e l a t i o n
w i th  r a i n f a l l ,  temperature and r e l a t i v e  hum id i t y .
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F igure  7.13 C. schultzei  a c t iv i t y  per t ra p  n ig h t in  Rumais -
c o r re la t io n  w ith  r a in f a l l ,  tem perature and r e la t iv e  h u m id ity .
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Figure 7.14 C. schu l tze i  a c t i v i t y  per t r a p  n ig h t  in Nakhal -
c o r r e la t i o n  w i th  r a i n f a l l ,  temperature and r e l a t i v e  hum id i t y .
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Figure 7.15 C. other species a c t i v i t y  per t rap  n ight in Rumais -
co r re la t io n  with  r a i n f a l l ,  temperature and re la t i v e  humidity.
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Figure 7.16 C. other species a c t iv i ty  per trap  n igh t in Nakhal -  
co rre la tio n  w ith r a in fa l l ,  temperature and re la tiv e  hum idity.
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s tre tch ing  u n t i l  November. This is  more l ik e ly  to  be linked to  the 
extensive ir r ig a t io n  tha t is  carried  out at Nakhal ra ther than to  
ra in . Other Culicoides species prevalence (see Figs. 7.15 and 7.16) 
are equally d i f f i c u l t  to  in te rp re t v is -a -v is  Seeb weather data, as 
one would expect, in view o f the special conditions pe rta in ing  at 
Nakhal.
7.3 Discussion
Various te s ts  have been employed by several authors to  study the 
degree o f relatedness between BTV and several other v iru s  groups. 
Moore and Lee (1972) used the complement f ix a t io n  te s t to  
demonstrate a re la tion sh ip  between the bluetongue and ep izoo tic  
haemorrhagic disease subgroups, and Borden et a h ,  (1971) used the 
same te s t to  l in k  together the BT, EHD and Eubenangee subgroups. 
S im ila r c ross-re la tionsh ips  may be seen using the AGID te s t 
(D ella -Porta  et a h ,  1985; Taylor and Gumm, 1985; Mohamed and 
Taylor, 1987). C learly the re fo re , these c ross-re la tionsh ips  can 
cause in te rp re ta tio n  problems in f ie ld  surveys o f areas where 
members o f several d if fe re n t subgroups are active  a t the same time 
(D ella -Porta  et a h ,  1983). This so rt o f problem can be p a r t ia l ly  
solved by using the BTV monoclonal ELISA te s t (Anderson, 1984), 
which is  BTV s p e c ific . In th is  study we have used AGID te s t to  
ind ica te  the presence o f EHDV and have subsequently id e n tif ie d  
which type o f EHDV by the use o f the serum n e u tra liza tio n  te s t .
There has been much discussion on the r e l ia b i l i t y  o f BTV 
n e u tra liza tio n  tes ts  as a means o f deducing the types o f BTV
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present in an area. Campbell (1985) pointed out the p o s s ib il i ty  
th a t a sequence o f in fe c tio ns  w ith  d if fe re n t BTV types could 
produce a broadly cross-reactive  antibody response from which 
l i t t l e  meaning could be extracted. On the other hand, Taylor et ah  
(1985) argued tha t in a number o f sp e c ific  instances, inc lud ing  the 
use o f sentinel calves, c red ib le  re su lts  could be obtained. Bearing 
in  mind the resu lts  o f the present work we would concur w ith  
T a y lo r’ s view and argue th a t the serum co llec ted  subsequent to  
seroconversion in a previously ’ naive’ animal can c le a r ly  po in t to  
the type o f the v irus  or viruses involved. Using th is  approach i t  
has been possible to  bu ild  up a comprehensive p ic tu re  o f BTV types 
active  in  North Oman.
Even though antibodies to  BTV types 3, 4, 17, 20 and 22 were 
detected in th is  study, the only BT viruses iso la ted during the 
same period were Omari iso la te  5557 and 2, both typed as BTV 4 (see 
Chapter 3). Since types 4, 17 and 20 are c lose ly  re la ted i t  is  
the re fo re , probable tha t only BTV types 3, 4 and 22 were ac tive  in 
North Oman during the course o f th is  study.
Some ind ica tions o f BTV types previously c irc u la tin g  in  Oman 
were given by Herniman et a h ,  (1980), and Hedger et a h ,  (1980). 
The former authors used h ig h - t itre d  monospecific responses to  
deduce the presence o f BTV types 3, 6, 17 and 20 while the less 
s p e c ific  tes ts  o f Hedger et a h ,  (1980) found evidence fo r  types 1, 
2, 3, 14, 15, 16, 17 and 20. These authors also recorded large 
numbers o f high monospecific responses to  types 16 and 20. 
Al-Busaidy (1985) reported the presence o f BTV types 3, 4, 10, 17,
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20 and 21. Taylor et a l. ( in  preparation) also reported the 
presence o f serotypes 3, 4, 14, 17, 20, 21 and 22 in Oman. I f  one 
also includes the data o f Hafez and Taylor (1985) a pattern o f BTV 
types common to  the Arabian Peninsula begins to  emerge (Table 7 .2 ). 
The m a jo rity  o f these BTV types are d if fe re n t to  those th a t have 
been id e n tif ie d  in Jordan, Syria and Eastern Turkey (Taylor et a h , 
1985). This suggests th a t the BTV ecosystem in the Arabian 
Peninsula may be separate from those in the surrounding countries.
In the present study i t  was noticed th a t sentine l herds at 
neighbouring farms qu ite  o ften recorded wide va ria tio n s  in the 
leve l o f BTV a c t iv i ty .  A s im ila r phenomenon was observed by Taylor 
et a l. ( in  preparation). Possibly in Oman BTV may operate in  small 
ecological niches consisting  o f a vector breeding s ite  and a group 
o f susceptible animals and w i l l  remain in  each niche only u n t i l  
most or a l l  o f the animals there have become immune. I f  during such 
a cycle in fected female vector midges s tray  in to  the v ic in i t y  o f 
another herd or f lo c k  they might be able to  in fe c t an occasional 
animal but, unless there is  a local vector population present and a 
su itab le  breeding s ite ,  the v iru s  w i l l  d ie out. However, should a 
su itab le  vector population be present then the v irus  may be able to  
es tab lish  i t s e l f  a t the new loca tion  u n t i l  a l l  the susceptib le 
hosts have been in fected when i t  i t  must move again. This sequence 
o f events is  well suited to  the farming p ractice  in Oman where the 
Falaj System o f flood ir r ig a t io n  is  used in  iso la ted  farms, 
creating ideal local environments fo r  vector midges to  breed. 
Additional Culicoides breeding s ite s  are also ava ilab le  in Oman in
-  195 -
Tab le 7 .2  A rabian bluetongue types a f te r  v a rio u s  au tho rs .
Authors Bluetongue v irus  types
Herniman et a h , 1980 3 6 20
Hedger et a h , 1980 
(revised)
15 16 1 20
Al-Busaidy, 1985 3 4 10 1 20 21
Taylor et a h , 
( in  press, 1989)
3 4 14 1 20 21 22
Hafez and Taylor, 1985 6 14 1 19 20
Present study 3 4 20 22
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the form o f numerous meandering wadis th a t occur in the mountainous 
te r ra in  and some o f which are f i l l e d  w ith  water a l l  year round.
Peak numbers o f vector Culicoides occur in Northern Oman during 
spring presumably as a re s u lt o f the high ra in fa l l  experienced in 
th is  area at th a t time. In most areas o f North Oman th is  w i l l  
re su lt in increased numbers o f breeding s ite s . However, due to  
ir r ig a t io n  and wadis C. imicola is  present in lower numbers a t a l l  
times o f the year in  North Oman and th is  explains why BTV 
transmission can correspondingly occur a t any time.
The Nakhal l ig h t  trap  catches o f C. imicola were d i f f i c u l t  to  
co rre la te  w ith  the ra in fa l l  data from Seeb presumably because there 
were other loca l fac to rs  present o r else the ra in fa l l  a t Seeb and 
Nakhal were d if fe re n t (Seeb is  aboujlt 100Km south o f Nakhal). 
Previous studies on the population dens ities  o f Culicoides  in  Oman 
(Al-Busaidy, 1985; M ellor e t a l . ,  1985, unpublished), have
indicated th a t Culicoides prevalence was lim ite d  in a l l  loca tions
\
throughout the period o f sampling. Nevertheless, BTV is  apparently 
able to  sustain i t s e l f  in  sp ite  o f these low numbers o f vector 
insects. This suggests th a t the lim ite d  trapping regime carried  out 
during th is  study was sampling only a very small proportion o f the 
to ta l vector population, p a r t ic u la r ly  in  areas where BTV was 
ac tive , or th a t C. imicola is  remarkably e f f ic ie n t  in  spreading BTV 
a t low population dens ities . I t  is  also possib le, though not 
l ik e ly ,  tha t a h ith e rto  unsuspected vector e x is ts .
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CHAPTER EIGHT
GENERAL DISCUSSION
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This study comprises the f i r s t  in  depth report on the 
epidemiology o f arbovirus in fe c tio n s  o f domestic animals in the 
Arabian Peninsula.
In general terms the resu lts  presented in th is  thesis suggest 
th a t in fec tions  caused by Akabane v iru s , BTV and re lated 
orb iv iruses are able to  occur a l l  over the Arabian Peninsula. More 
s p e c if ic a lly  the re su lts  o f th is  work also suggest th a t BTV may be 
enzootic, a t least in the short term, in  North Oman. This s itu a tio n  
is  ind icated both by the occurrence o f BTV in fe c tio ns  throughout 
the whole year in North Oman and also by the presence o f 
substan tia l numbers o f the vector midge, C. imicola , a l l  the year 
round in th is  part o f the country. Less de ta iled  inform ation is  
ava ilab le  from Southern Oman but in  th is  part o f the country 
in fe c tio n  w ith  BTV seems to  occur more spo rad ica lly  and at a much 
lower leve l than in North Oman. I t  is  l ik e ly  th a t South Oman is  an 
ep izoo tic  area fo r  BTV. Such evidence as we have on vector 
populations in  South Oman ind ica tes th a t C. imicola is  less 
prevalent in  th is  area than in  the North (M e llo r, personal 
communication, 1989). This is  presumably the major reason why BTV 
has not been able to  es tab lish  i t s e l f  in  the South, since the 
number o f susceptib le vertebrate hosts in th is  area exceeds th a t in 
the North.
Akabane v irus  occurs spo rad ica lly  throughout the Arabian 
Peninsula but i t  does not seem to  be enzootic in  th is  part o f the 
world. I t  is  known th a t Akabane v iru s  is  transm itted b io lo g ic a lly  
by Culicoides midges (Jennings and M ello r, 1989) and the present
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work has shown th a t the most l ik e ly  vector in Oman and the Arabian 
Peninsula is  C. imicola (see Chapter Three), the same species tha t 
transm its BTV. The question posed by th is  reve la tion  is  why then is  
BTV able to  p e rs is t in  parts o f the Arabian Peninsula ( l ik e  North 
Oman) in enzootic form when Akabane v irus  which uses the same 
vector and the same vertebrate hosts is  not? The probable answer 
may be derived both from the re su lts  o f Chapter Five o f th is  study 
and the work o f Jennings and M ellor (1989). BTV m u lt ip lie s  in 
vector species o f midge to  reach very high t i t r e s  and is  then 
transm itted very e f f ic ie n t ly  by these vectors (M ello r, 1989). 
Akabane v irus  on the other hand m u lt ip lie s  to  a much lower le v e l, 
in  a sm aller proportion o f a population o f vector species o f midge 
and is  transm itted less e f f ic ie n t ly  than BTV. Therefore i t  is  
l ik e ly  tha t the persistence o f Akabane v irus  in  an area w i l l  
require the presence o f higher populations o f a vector species than 
w i l l  BTV. As a consequence Akabane v irus  may be unable to  p e rs is t 
in ce rta in  areas l ik e  North Oman where BTV, because o f i t s  h igh ly  
e f f ic ie n t  transmission cycle is  able to  survive. Corroborative 
evidence fo r  th is  may be seen in Western Turkey. In th is  area the 
vector species o f midge fo r  both BTV and Akabane v iru s  is  l ik e ly  to  
be C. imicola which is  present in  reasonable numbers and is  
widespread (Jennings et a h ,  1983; P.S. M ello r, personal 
communication, 1989). However, the most recent ep izoo tic  o f BTV in 
th is  area persisted fo r  fou r years and extended over nine 
Provinces, while Akabane v iru s  only persisted fo r  one year and had 
a much reduced d is tr ib u t io n  extending over only one Province
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(Yonguc et a l . , 1982).
EHDV2 is  present in  North Oman throughout most o f the year but 
the pattern o f seroconversion is  d if fe re n t from tha t o f BTV where 
transmission seems to  peak during Spring (April-M ay). This 
d iffe rence  may be re la ted to  the fa c t th a t BTV is  transm itted by C. 
im icola, which has a population peak during ea rly  Spring 
(Apri1-May) while EHDVs are probably transm itted by C. schu ltze i  
group midges (Mohamed and M ello r, unpublished observations, 1988).
In North Oman the population o f C. schu ltze i midges peak a 
l i t t l e  la te r  in the year (May-June) than C. imicola and in  some 
areas o f the North (Nakhal) populations o f th is  group o f midges 
remain high u n t i l  as la te  as October-November. Correspondingly most 
seroconversions to  EHDV take place during August-January.
Previous sero log ica l studies o f BTV in the Arabian Peninsula 
have indicated the presence o f 11 BTV serotypes (Herniman e t a l . ,  
1980; Hedger et a l . ,  1980; Al-Busaidy, 1985; Taylor et a l . ,  
manuscript in  preparation) (see Chapter Seven). In the present 
study we were able to  show sero log ica l evidence o f the BTV types 3, 
4, 17, 20 and 22 in  Oman and in add ition  to  th is ,  two BTV type 4 
were iso la ted in Oman. In view, o f the fa c t th a t BTV types 17 and 
20 are c lose ly  re la ted to  BTV type 4, the detection o f types 17 and 
20 could merely be a re fle c tio n  o f the presence o f BTV type 4. This 
is  corroborated by the fa c t th a t antibodies to  types 17 and 20 were 
detected at lower t i t r e s  than antibodies to  type 4 and also type 4 
BTV was iso la ted in Oman.
Apart from animal movements, Arboviruses are most l ik e ly  to  be
-  201 -
introduced in to  the Arabian Peninsula e ith e r from a source in  the 
T ig r is  and Euphrates Valleys (which provide exce llen t breeding 
s ite s  fo r  the vectors and where Akabane and BT viruses are 
enzootic) or from the Horn o f A fr ic a . In both areas, su ita b le  winds 
occur at d if fe re n t times o f the year which could carry in fected 
vector insects in a manner described by S e lle rs  (1980). Fig. 8.1 
shows the major wind systems during both Summer and Winter over 
these areas.
Arabia’ s p reva ilin g  wind patterns vary from North to  South and 
are affected both by the seasonal pressure d is tr ib u t io n  and the 
topographical features o f the area (Takahashi and Arakawa, 1981). 
During the w in te r two wind systems operate. The f i r s t  is  
North-Easterly moving from A nato lia  over the Mesopotamian P lains 
(Turkey, Syria and Iraq ) and being deflected to  the Eastern parts 
o f the Arabian Peninsula and the Arabian Sea by the Zagros 
mountains o f Iran . Upon reaching the Eastern coastal areas o f the 
Peninsula some o f th is  a ir  stream is  deflected in land. The second 
system ca rries  dry continenta l a ir  from the North-West in to  the 
Northern parts o f Arabia. These two systems converge over the sands 
o f the Rub-al-Khali (Empty q u a rte r). In summer the South-Westerly 
monsoon p reva ils  in  most areas except in  the Northern parts o f 
Arabia where the North-W ester!ies are predominant throughout the 
year.
I t  is  most l ik e ly  th a t in fected midges could be ca rried  on 
North-Easterly winds moving down from A nato lia  over the 
Mesopotamian Plains to  threaten the in fe c tio n  o f susceptib le
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ruminants in Saudi-Arabia, Kuwait, Bahrain, U.A.E. and Northern 
parts o f Oman during w in te r as part o f an "Overwintering 
Mechanism". I t  is  also possible, though less l ik e ly  th a t the 
infected midges could be blown as fa r  south as Yemen and Southern 
Oman but the harsh, unpopulated Rub-al-Khali usually presents an 
e ffe c tiv e  wind b a rr ie r  to  th is  type o f movement (Grant, 1983). I t  
is  more l ik e ly  th a t the usual route by which infected insects reach 
Yemen and South Oman is  from Somalia in  the Horn o f A fr ic a , 
t ra v e ll in g  on the South Westerly monsoon which p reva ils  over the 
area. An example o f th is  was the AHS ep izoo tic  in the 1960’ s. The 
recent id e n t if ic a t io n  o f type 9 AHSV in horses in  Southern Saudi 
Arabia in  1989 (M e llo r, personal communication) may be the re s u lt 
o f fu r th e r movements o f th is  kind.
Local populations o f Culicoides midges are endemic over much o f 
Arabia (P.S. M e llo r, unpublished observations, 1987). Many o f the 
species o f Culicoides in Oman, North Yemen and also Bahrain are the 
same as those in  Iran (Navai, 1971), Turkey (Jennings e t a l . ,  1983) 
and Somalia (H erzi, 1983). They include several species which by 
v ir tu e  o f th e ir  b it in g  hab its , ecology and close re la tio n sh ip  to
C. imicola and C. b re v i ta rs is , midges from which both Akabane v iru s  
and BTV have already been iso la ted , should be considered as 
po ten tia l v iru s  vectors (S t. George e t a l . , 1978b; Standfast 
et a l . j  1985). Should arboviruses enter the Arabian Peninsula 
though the agency o f in fected vectors blown on the wind, i t  is  
l ik e ly  th a t extension o f the diseases w ith in  the Peninsula w i l l  
occur when the loca l vector populations become involved.
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In the present work we have shown both by sero log ica l studies 
and by v iru s  iso la tio n s  the existence, d is tr ib u t io n  and seasonal 
incidence o f several arboviruses in the Arabian Peninsula. Some o f 
these viruses have been iso la ted from apparently healthy animals 
and one v iru s  was iso la ted from Culicoides midges. Following 
id e n t if ic a t io n  o f these v irus  iso la tes  we have used biochemical 
analysis and have compared th e ir  genomic RNA p ro file s  w ith  those o f 
reference prototype viruses both by PAGE and formaldehyde-agarose 
gel e lectrophoresis. Both o f these techniques have proved to  be 
very useful too ls  in the epidemiological studies o f arbovirus 
in fe c tion s .
Replication o f the Omani f ie ld  iso la tes  in  labora tory colonies 
o f Culicoides midges have confirmed the a b i l i t y  o f Culicoides  
species to  operate as Akabane and BTV vectors and have also shed 
l ig h t  upon some o f the mechanisms which con tro l the persistence o f 
these viruses in  the f ie ld .
The broad scope o f the present thes is  is  a re fle c tio n  not only 
o f the lack o f basic inform ation which existed at the time th is  
work was s ta rted , but i t  also provides an in s ig h t in to  the way 
other insect transm itted viruses such as A frican  Horse Sickness 
v iru s  could be introduced in to  the Arabian Peninsula. I  f irm ly  
believe th a t the resu lts  obtained from the work described in  th is  
thes is  are an accurate re fle c tio n  o f the Akabane v iru s , BTV and 
re la ted o rb iv iru s  s itu a tio n  in the Arabian Peninsula. Further work 
on arboviruses (espec ia lly  zoonotic ones) in  the Peninsula w i l l  now 
be able to  use the find ings  o f the present study as a firm  and
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re lia b le  basis fo r  expansion.
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APPENDIX
Parke Davies A dd itive  Medium (PDAM)
Bovine serum albumin 4g
Lactobionic acid 16g
Glasgow modified Eagle’ s medium (GMEM) 200ml
Adjust pH to  7.4 by the add ition  o f sodium hydroxide and 
s te r i l iz e  by f i I te r a t io n  through 0.2u f i l t e r .
Versene/trypsin Solution
Versene (0.01% w/v) and try p s in  (0.02% w/v) dissolved in Hank’ s 
balanced s a lt  so lu tion .
ELISA Substrate
Orthophenylenediamine (OPD) dissolved in  sodium c i t r a te / c i t r ic  
acid b u ffe r, pH 5.0.
5.11g c i t r i c  acid 
9.15g sodium dihydrogen phosphate 
in  one l i t r e  o f d is t i l le d  water 
To the above add 0.4g OPD, d iv ide  in to  25ml amounts and store' a t 
-20°C. Before use add 12ul hydrogen peroxide (30% w /v).
Lysis Buffe r
Dulbecco’ s modified PBS contain ing 1% Triton-X100 detergent.
-  I  -
Stock A n t ib io t ic  Solution
The fo llo w in g  ingred ients were mixed toge the r:-  
140ml normal sa line  (0.85% NaCl)
500.000 u n its  benzylpenic i11 in (sodium) B.P. (1 v ia l)
500.000 u n its  mycostatin (1 v ia l)
40ml neomycin (100,000 IU/ml)
20ml polymyxin (100,000 IU/ml)
Overlay Medium
2 x M Eagle’ s (GMEM) 60.0ml
Tryptose phosphate broth (TPB) 3.6ml
Foetal c a lf  serum 3.6ml
Stock a n t ib io t ic  so lu tion  1.2ml
Make up to  80ml w ith  s te r i le  glass d is t i l le d  water. Hold a t 45°C 
u n t i l  required.
Agarose indubiose A37 0.72g
D is t i l le d  water 40ml
Autoclave and hold at 45°C u n t i l  required. Immediately before use 
mix together media and agarose to  give overlay.
-  I I  -
Reagents fo r  SDS-PAGE
Separating gel
10% 12.5% 15% 17.5%
30% acrylamide 10ml 12.5ml 15ml 17.5ml
1% bisacrylamide 3 .9ml 3.1ml 2.6ml 2.2ml
1.5M Tris/HCl bu ffe r, pH 8.7 7.5ml 7.5ml 7.5ml 7.5ml
20% SDS 0.15ml 0.15ml 0.15ml o.15ml
water 8ml 6.4ml 4.4ml 2.5ml
10% ammonium persulphate 0.1ml 0.1ml 0 .1ml 0.1ml
(fresh)
TEMED 10u 1 lOul 10ul 10ul
Stacking gel
5%
30% acrylamide 1.67ml
1% bisacrylamide 1.30ml
1M Tris/HCl bu ffe r, pH 6.8 1.25ml
20% SDS 50ul
water 4.4ml
TEMED 5ul
10% ammonium persulphate 50ul
(fresh)
-  I l l  -
Laemmli Gel Loading B uffe r
D ith io th re ito l 0.77g (0 .1M)
20% SDS 5ml
1.5M Tris /H C l, pH 6.8 0.83ml
Glycerol 10ml (TC)
0.2% bromophenol blue in  ethanol 0.3ml
water up to  50ml
Protein Gel Running Buffer
Glycine 144g
T ris  30g
10% SDS 50ml
Water up to  1 l i t r e
D ilu te  f iv e - fo ld  before use w ith  d is t i l le d  water (Need about 
750ml/run).
RIPA Buffer
Solution A (pH 7.8)
0.01M T ris  
2% T riton  X-100 
0.15M NaCl 
0.6M KC1 
5mM EDTA
-  IV -
Add to  so lu tion  A w ith  vigorous shaking,
1% ap ro tin in  
3mM PMSF
2.5mM iodoacetamide 
Solution D
4M guanidinium thiocyanate 
25mM sodium c it ra te ,  pH 7.0 
0.5% Sarkosyl 
0.1M 2-mercaptoethanol
Formaldehyde-Agarose Solution
Formaldehyde (37% in H2 O, 12.3M) and 5 x running bu ffe r are added 
to  the desired percentage o f molten agarose in  water (50-60°C) to  
give f in a l concentrations o f 1% b u ffe r and 2 .2M formaldehyde.
MOPS B uffe r (x 1)
0.04M MOPS (morpholinopropane sulphonic ac id ), pH 7.0 
0.01M sodium acetate 
0.001M EDTA
Formaldehyde-Agarose Loading Buffer
30% F ic o ll 
1mM EDTA
0.25% bromophenol blue 
0.25% xylene cyanol FF
-  V -
1 x SSPE 
0.18M NaCl
0.01M NaP04 (pH 7.7) 
0.001M EDTA
RNase H Buffer
50mM Tris/H C I, pH 7.9 
10mM MgCl2 
1mM EDTA 
10mM DTT 
10% glycerol
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ABSTRACT
Al-Busaidy, S.M., Mellor, P.S. and Taylor, W.P., 1988. Prevalence of neutralising antibodies to 
Akabane virus in the Arabian Peninsula. Vet. Microbiol., 17:141-149.
Serum-neutralising antibodies to Akabane virus were found in a wide range of domestic animals 
in all countries of the Arabian Peninsula but the virus does not seem to be endemic there. Sentinel 
herds in Oman and N. Yemen did not detect any Akabane activity between August 1984-Novem- 
ber 1986 and May 1983-November 1984, respectively. However, there is strong evidence to suggest 
that Akabane virus incursions have recently taken place in Kuwait, Saudi Arabia and Bahrain as 
neutralising antibodies were detected in 1-year-old cattle bled during 1986 in each of these coun­
tries. The possibility of windborne infected vectors, from virus-endemic areas, initiating these 
incursions into the Arabian Peninsula is discussed.
INTRODUCTION
Akabane virus is an insect-transmitted member of the Simbu group of the 
Bunyaviridae. It causes epizootics and sporadic outbreaks of abortions, pre­
mature births, stillbirths and congenital abnormalities characterised by ar­
throgryposis, hydranencephaly or microanencephaly in cattle, sheep and goats 
(Inaba and Matumoto, 1981). Clinical disease has been reported in a number 
of countries including Israel (Markusfeld and Mayer, 1971), Turkey (Urman 
et al., 1979), Japan (Inaba et al., 1975) and Australia (Hartley et al., 1975). 
Akabane virus also infects equines (Cybinski et al., 1978) but has not so far 
been reported as causing disease.
More recently, serological studies have not only extended the known distri­
bution of Akabane infection to many parts of the world including Cyprus (Sel-
* Author to whom correspondence should be addressed.
0378-1135/88/$03.50 © 1988 Elsevier Science Publishers B.V.
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lers and Herniman, 1981), the Far East (Porterfield and Della-Porta, 1981),
Kenya (Davies and Jesset, 1985) and Syria (W.P. Taylor, unpublished data,
1986), but have also extended the number of animal species thought to be 
susceptible to Akabane virus (Al-Busaidy et al., 1987). Additionally the virus 
has been isolated both from Culicoides midges (Doherty et al., 1972) and mos­
quitoes (Oya et al., 1961; Metselaar and Robin, 1976).
Akabane disease has not previously been reported in the Arabian Peninsula 
but sporadic outbreaks of abortions, premature births and congenital abnor- J
malities observed in Bahrain (J. Brownlie, personal communication, 1987) 
and Oman (authors’ unpublished observations, 1986) are suggestive of Aka­
bane virus infection.
This paper describes an investigation to determine the prevalence and dis­
tribution of Akabane antibodies among the domestic animals in the Arabian 
Peninsula.
MATERIALS AND METHODS 
Virus
Akabane virus strain JaGAR39/MB19, originally supplied by Dr Inaba of 
the National Institute of Animal Health, Japan, was passaged 6 times in BHK- 
21 cells. Stock virus was mixed with an equal volume of Parke Davies additive 
medium (PDAM) and stored at — 70°C in 1-ml volumes.
Test sera
Serum samples collected during various epidemiological surveys between 1983 
and 1986 from different farm animals in the countries of the Arabian Peninsula 
were available for testing. The age of the donor animals was estimated from 
their dentition (Sisson, 1953). In addition, serum samples taken at approxi­
mately monthly intervals were also used from 2 sentinel herds maintained in 
North Yemen between 1983 and 1984 and 3 herds maintained in Oman be­
tween 1984 and 1986. The age of the cattle in the Yemen sentinel herds was 
about 5 months when first sampled. Further samples were then taken at ap- 
proximately monthly intervals. In the Oman sentinel herds, were bled for serum 
during the first week of life and then at approximately monthly intervals. 
Whenever possible mothers were bled at the time the calf was first sampled.
All the sentinel herds were in continuous residence on their respective farms 
during the sampling period and were kept under open sheds.
Serum-neutralisation test
Screening tests for antibodies against Akabane virus were carried out in 
disposable flat-bottomed tissue-culture grade microtitre plates. Test sera were
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diluted in phosphate-buffered saline containing 0.2% plasma albumin fraction 
V (BA /PBS) and inactivated at 56° C for 30 min. Each test serum was used to 
prepare duplicate 2-fold dilution series between 1 in 20 and 1 in 80 in 100-//1 
volumes. An equal volume of Akabane virus estimated to contain 100 TCID50 
was added to each well, giving final serum dilutions of 1/40, 1/80 and 1/160. 
The controls in each test included a reference antiserum of known titre, known 
negative serum, cell and medium controls and a virus titration from which the 
C actual amount of virus used in the test was calculated.
The microtitre plates were sealed with pressure-sensitive tape and incubated 
for 1 h at 37 °C followed by overnight incubation at 4°C. The following morn­
ing the tape was removed and 50 {A of a BHK -21 cell suspension containing 5 
X 105 ml-1 cells was added to each well. The plates were resealed and incu­
bated at 37 °C. Plates were examined microscopically after 3 and 5 days for 
evidence of virus-specific cytopathic effects (CPE). Antibody titres were ex­
pressed as the reciprocal of the final dilution of serum in the serum/virus mix­
tures which neutralised virus at the 50% end point estimated according to the 
method of Karber (1931).
In our experience non-specific inhibitors of viral growth may be present in 
sera up to dilutions of 1 in 30. Therefore, sera were considered as positive when 
titres were equal to or greater than 1 in 80.
RESULTS
The results of the neutralisation tests for Akabane virus on sera taken from 
animals in Oman and N. Yemen either in 1983 or 1984 are presented in Tables 
1 and 2, respectively. In 1983, serum-neutralising antibodies to Akabane virus
TABLE 1
Neutralising antibody to Akabane virus in domestic animals in Oman during 1983-1984
Animal species 6 months- 
1 year
1-2 years 2-3 years 3 years Total
December 1983
Cattle 34/66 52% 29/47 62% 11/20 55% 12/21 57% 86/154 56%
Goats 6/98 6% 7/40 18% 2/11 18% 24/28 86% 39/177 22%
Sheep 7/77 9% 2/9 22% - - 8/16 50% 17/102 17%
Donkeys - 0/3 - 0/3 - 31/52 60% 31/58 53%
Camels - - - - - 27/52 52% 27/52 52%
November 1984
Cattle 0/145 - 4/15 27% 32/70 46% 70/ 50% 106/370 29%
Goats 0/140 - 2/19 11% - - 140 - 2/159 1%
Sheep 0/83 3/19 16% 2/2 100% - - 5/104 5%
Horses - - - - - 0/195 - 0/195 -
Camels 0/7 1/5 20% 5/6 83% 20/33 61% 26/51 51%
144
TABLE 2
Neutralising antibody to Akabane virus in domestic animals in North Yemen during 1983-1984
Animal species 6 months- 1-2 years 2-3 years 3 years Total
1 year
December 1983
Cattle 2/32 6% 6/45 13% 7/40 18% 5/23 22% 20/140 14%
Goats 3/17 18% 4/32 13% 6/25 24% 10/36 28% 23/110 21%
Sheep 6/20 30% 11/50 22% 7/30 23% 14/53 26% 38/153 25%
Equines - - - - - - 12/80 15% 12/80 15%
November 1984
Cattle 0/12 - 2/15 13% 3/20 15% 1/10 10% 6/57 11%
Goats 0/30 - 3/20 15% 6/40 15% 15/35 43% 24/125 19%
Sheep 0/14 - 4/24 17% 6/21 29% 5/20 25% 15/79 19%
Equines - - - - - - 7/15 47% 7/15 47%
TABLE 3
Surveillance of Akabane antibodies in sentinel herds in Oman and North Yemen
Region Duration No. of animals Maternal Seroconversion
antibodies3
Oman
Sohar Aug. 1984-Nov. 1986 47 31/47 66% None
Rumais Aug. 1984-Nov. 1986 39 29/39 74% None
Salalah Aug. 1984-Nov. 1986 57 42/57 74% None
North Yemen
Dhamar May 1983-Nov. 1984 20 0/20b - None
Al Garabeh June 1983-July 1984 15 0/15b - None
aAntibodies present in first sample taken after birth but decaying by 6 months of age. 
bThese animals were about 5 months old when first counted therefore one would not expect to 
find maternal antibodies.
were found throughout the age groups tested, while in 1984 there were no neu­
tralising antibodies in sera from animals in the 6 months-1 year age group. 
This suggests that virus activity had been occurring in both Oman and N. 
Yemen during mid to late 1983 but had ceased by the middle of 1984. Corrob­
orative evidence for Oman is displayed in Table 3 where 3 sentinel herds failed 
to show seroconversions to Akabane virus between August 1984 and November 
1986. Two sentinel herds in N. Yemen also failed to show seroconversions dur­
ing a period extending from May 1983 to November 1984. Table 4 gives an 
indication of the prevalence of Akabane antibodies in cattle in the remaining 
countries of the Arabian Peninsula during 1983,1984 and 1986. Some 1-year- 
old cattle in Bahrain, Kuwait and Saudi Arabia developed neutralising anti­
bodies to Akabane virus during 1986. Figure 1 shows the mean decay rate of 
maternal antibodies in calves in the sentinel herd in Oman. As maternal an-
TABLE 4
The prevalence of Akabane antibodies in cattle in other countries of the Arabian Peninsula
Year Age Saudi Arabia Kuwait Bahrain S. Yemen United Arab 
Emirates
1983 Adult 10/176 82/460 - 3/24 -
1984 Adult - - 77/164 - 9/23
1986 1 Year 2/32 6/102 9/56 - -
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Fig. 1. The decay of maternal antibodies in the sentinel herd in Oman.
tibodies are no longer detectable by the time the calves reach 6 months of age, 
neutralising antibodies recorded subsequent to this time must be owing to in­
fections experienced by the calf and are not owing to antibodies passed in co­
lostrum from the mother.
DISCUSSION
The results of this study indicate that infection with Akabane can occur all 
over the Arabian Peninsula but the virus is probably not endemic there and is
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certainly not endemic in the southern part of the peninsula in Oman and N.
Yemen.
The data presented here support the hypothesis that Akabane virus incur­
sions into the south of the peninsula are not a regular annual event but are a 
sporadic occurrence. If Akabane incursion were to be an annual event the pro­
portion of antibody positives would be expected to increase significantly year 
by year with age. This increase should be evident in all the susceptible species, 
especially cattle, which are considered to be the preferred hosts for most of the J
likely vector species of Culicoides. Our data show that increase in antibody 
positives with age did apparently occur in some of the species groups. However 
in view of the number and species of animals involved this was insufficient to 
suggest annual incursions of the virus. In addition, the lack of seroconversions 
between August 1984 and November 1986 in the 3 sentinel calf herds in Oman 
also suggests that incursion by Akabane virus is not an annual event. The 
absence of reported clinical signs which could be attributable to Akabane in­
fection from animals in both countries at this time supports these assertions. 
However in Kuwait, Saudi Arabia and Bahrain there appears to have been an 
incursion in 1985/1986 as some 1-year-old cattle from these countries were 
found to possess antibodies to Akabane virus (Table 4). These could not be 
attributed to maternal transfer since passive antibodies disappear by the sev­
enth month of life (Fig. 1).
Tables 1-3 show that animals in Oman and N. Yemen were infected at about 
the same time, between January and December 1983. However, the virus had 
apparently disappeared from both countries by 1984 as evidenced by the total 
absence of sero-conversions in calves born during that year. As infection in all 
groups of cattle in Oman and N. Yemen had been running between 6 and 62%
(Tables 1 and 2) during 1983, then a proportion of the calves born in 1984 
would have been susceptible during every month of that year. If virus had per­
sisted into 1984 therefore, some seroconversions would have been expected in 
calves in that year. A similar phenomenon was observed in Western Turkey 
(W.P. Taylor, personal observation, 1985). The absence of seroconversions in 
the 2 sentinel calf herds maintained in N. Yemen at this time is puzzling and 
suggests that the virus was less widespread than in Oman. It is also clear from 
Tables 1 and 2 that the proportion of sero-positive cattle in the 6 months-1 
year age group in N. Yemen in 1983 is significantly lower than that in the 
corresponding group in Oman (6 and 52%, respectively). Conversely a signif- J 
icantly higher proportion of sheep and goats in the 6 month-1 year group were 
infected in N. Yemen than in Oman in 1983 (24.3 and 7.4%, respectively).
These apparent inconsistencies may be related to different host preferences of 
the vectors in N. Yemen and Oman. Sheep and goats may well be better sen­
tinels for Akabane virus in N. Yemen than cattle.
Data derived from an epidemiological survey conducted in Oman in 1978 
indicate that at some time prior to that survey, Akabane virus had infected
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horses in Oman, since sera from equines aged between 5 and 10 years had been 
found to contain Akabane antibodies (W.P. Taylor, unpublished data, 1978). 
Taking our data into account it is therefore clear that Oman has at least two 
incursions of Akabane virus in recent times.
Akabane virus is most likely to be introduced into the Arabian Peninsula 
either from a source in Iran or from the Horn of Africa. In both areas, suitable 
winds occur at different times of the year which could carry infected vector 
insects into the peninsula in the manner described by Sellers (1980). Fig. 2 
shows the major wind systems during both summer and winter in these areas. 
Arabia’s prevailing wind patterns vary from north to south and are affected 
both by the seasonal pressure distribution and the topographical features of 
the area (Tak'ahashi and Arakawa, 1981). During winter two wind systems 
operate. The first is north easterly moving from Iran across the eastern parts 
of the Arabian Peninsula and the Arabian Sea. Upon reaching the eastern 
coastal areas of the peninsula some of this stream is deflected inland. The 
second system carries dry continental air from the north west into the northern 
parts of Arabia. These two systems converge over the sands of the Rub al Khali. 
In summer the south westerly monsoon prevails in most areas except in the 
northern parts of Arabia where the north westerlies are predominant through; 
out the year.
It is most likely that infected midges are blown out of Iran in a westerly and 
south westerly direction in the spring or autumn to infect susceptible animals 
in Saudi Arabia, Kuwait, Bahrain, U.A.E. and northern parts of Oman. It is 
also possible, though less likely that the infected midges could be blown as far 
south as Yemen and Southern Oman but the harsh, unpopulated Rub al Khali 
(Empty Quarter) usually presents an effective wind barrier to this type of 
movement (Grant, 1983). It is more likely that the usual route by which in­
fected insects reach Yemen and S. Oman is from Somalia in the Horn of Africa, 
travelling on the south-westerly monsoon which prevails over the area.
Local populations of Culicoides midges are endemic over much of Arabia 
(P.S. Mellor, unpublished observations, 1987). Many of the species of Culi­
coides in Oman, N. Yemen and also in Bahrain are the same as those in Iran 
(Navai, 1971) and Somalia (Herzi, 1983). They include several species which 
by virtue of their biting habits, ecology and close relationship to C. brevitarsis, 
a midge from which Akabane virus has already been isolated (St George et al., 
1978) are considered to be potential vectors. Should Akabane virus enter the 
Arabian Peninsula through the agency of infected vectors blown on the wind 
it is likely that extension of the disease within the peninsula will occur when 
the local vector populations become involved.
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NEUTRALISING ANTIBODIES TO AKABANE VIRUS IN 
FREE-LIVING WILD ANIMALS IN AFRICA
S. A l-B u s a id y , C. H a m b lin  and W . P . T a y l o r  
Animal Virus Research Institute, Pirbright, Woking, Surrey GU24 ONF, U K
SUMMARY
A total o f 2,895 sera collected between 1963 and 1983 from 41 different 
species o f free-living wildlife in 11 African countries South o f the Sahara was 
examined for serum neutralising antibodies to Akabane virus. Antibodies were 
demonstrated in 25 species including 16 species not previously reported to be 
susceptible to this virus. Results indicate that infection is widespread in Africa 
and has been present for a considerable time. The prevalence o f antibodies 
suggests that some free-living species may act as reservoir hosts o f infection in 
the wild.
INTRODUCTION
Akabane virus is a member of the Simbu group of the Bunyaviridae (Bishop 
and Shope, 1979). The virus is arthropod-borne and has been isolated from 
Culicoides midges (Doherty, Carley, Standfast, Dyce and Snowdon, 1972) and 
mosquitoes (Oya, Okuno, Ogata, Kobayashi and Matsuyama, 1961). Laboratory 
studies have shown that Akabane virus may replicate to high titre in C. 
varripennis midges following ingestion (Jennings and Mellor pers. comm.).
No clinical disease has been reported in adult cattle, sheep or goats but when 
susceptible pregnant animals are infected the virus is able to cross the placental 
barrier causing abortions, premature births or congenital arthrogryposis and 
hydraencephaly (AH) in newborn animals (Inaba, Kurogi and Omori, 1975; 
Narita, Inui and Hashiguchi, 1979; Parsonson, Della-Porta and Snowdon, 1977; 
Kurogi, Inaba, Takahashi, Sato, Satoda, Goto, Omori and Matumoto, 1977a; 
Kurogi, Inaba, Takahashi, Sato, Goto and Omori, 1977b). Abortion and 
congenital abnormalities are associated with infection during the first trimester of 
pregnancy (Kurogi et al., 1977a) and major epidemics of disease occur when 
Akabane virus enters previously clean areas where there are large numbers of 
cattle, sheep and goats in early pregnancy.
Virus isolation and serological evidence of infection has been reported in a 
number of countries including Israel (Markusfeld and Mayer, 1971), Japan (Inaba 
et al., 1975), Australia (Hartley, Wanner, Della-Porta and Snowdon, 1975) and 
Cyprus (Sellers and Herniman, 1981). Serological evidence of Akabane infection 
has also been reported in some other countries for example in Kenya (Davies and 
Jesset 1985). These authors reported antibodies in cattle, sheep, goats, horses, 
camels and 11 species of wild animals. Although no evidence of Akabane 
infection has been observed in game animals their possible role as reservoir hosts 
for Akabane virus in the wild may be important in our understanding of the 
epidemiology and control of disease.
In this study almost 3,000 sera collected between 1963 and 1983 from 41 
different species of wildlife in 11 African countries were examined for the 
presence of antibodies against Akabane virus to determine the susceptibility and 
the possible role of free-living wild animals as maintenance hosts.
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MATERIALS AND METHODS
Akabane virus strain JaGAR 39/MB 19, originally supplied by Dr Inaba of the 
National Institute of Animal Health, Japan, was passaged six times in BHK-21 
cells. Stock virus was mixed with an equal volume of Parke Davies additive 
medium (PDAM) and stored at —70°C in 1 ml volumes.
A total of 2,895 serum samples collected during various epidemiological 
surveys between 1963 and 1983 which included 41 different species of wildlife 
from widely separated areas in 11 African countries was available for testing. The 
sera had been stored at — 20°C.
Serum neutralisation screening tests for antibodies against Akabane virus 
were carried out in disposable flat bottomed tissue culture grade microtitre plates. 
Sera for test were diluted 1 in 10 in phosphate buffered saline containing 0*2% 
plasma albumin fraction V (BA/PBS). One hundred microlitre amounts of each 
test serum were then used to prepare a duplicate two-fold dilution series between 
1 in 20 and 1 in 80 in the microplates. An equal volume of Akabane virus 
estimated to contain 100 TCID50 was added to each well giving final serum 
dilutions of 1/40, 1/80 and 1/160. The microplates were sealed with pressure 
sensitive tape and incubated for 1 h at 37°C followed by overnight incubation at 
4°C. The following morning the tape was removed and 50 fi\ of a BHK-21 cell 
suspension containing 5 x 105/ml cells was added to each well. The plates were 
resealed and incubated at 37°C. Plates were examined microscopically after three 
- and five days for evidence of virus specific cytopathic effects (CPE); wells showing 
no evidence of CPE were considered to be protected by the sera. Antibody titres 
were expressed as the reciprocal of the final dilution of the serum in the 
serum/virus mixtures which neutralised virus at the 50% end point estimated 
according to the method of Karber (1931). In our experience non-specific 
inhibitors of viral growth may be present in sera up to dilutions of 1 in 60. 
Therefore for the purpose of this study sera were only considered positive when 
titres were equal to or greater than 1 in 80.
RESULTS
The results recorded by neutralisation tests on all the sera are presented in 
Tables I and II. Table I shows the zoological classification (Morris, 1965) and the 
number of each species tested together with the percentage of sera with positive 
antibodies. Virus neutralising antibodies were demonstrated in 20 species of 
Bovidae and also in hippopotomus, giraffe, bush pig, warthog, and elephant.
The geographic distribution of the species, the numbers of sera examined and 
the percentages recorded positive are detailed in Table II. Serum neutralisation 
titres were recorded in sera from the 11 African territories sampled, although in 
Chad, Kenya, Tanzania, Uganda, Malawi and Mozambique the number of 
species and/or the numbers of sera available were low.
DISCUSSION
Akabane virus has been demonstrated in cattle, sheep, goats and horses in 
widely separated areas all of which presumably contain insect vectors capable of 
transmitting the virus (Odend’hal, 1983). The present study suggests that 
infection is also prevalent in several species of free-living animals from widely 
separated areas in Africa.
Neutralising antibodies were demonstrated in sera from 25 of the 41 species
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sampled from 11 African countries South of the Sahara. Positive antibody titres 
were recorded in sera collected over an 18 year period which suggests that 
infection has been present in African wildlife for a considerable time.
Davies and Jesset (1985) reported antibodies in 11 species of wildlife 
examined in Kenya and suggested Akabane to be indigenous in Africa but these 
authors did not report individual titres or specify the criteria for positivity. Our 
results confirm antibodies in eight of the species previously reported positive viz. 
buffalo, bushbuck, eland, waterbuck, topi, kongoni, wildebeest and impala. No 
antibodies were detected in the sera from the three Grants gazelle or the 25 
zebras tested although Davies and Jesset (1985) indicated the susceptibility of 
both these species. Similarly Oya (1971, 1972) reported antibodies against 
Akabane virus in monkeys in S.E. Asia but in this survey no antibodies were 
detected in the sera from the one monkey and the 10 baboons examined. 
Antibodies, however, were demonstrated in 16 species of free-living wild animals 
not previously reported as positive.
The prevalence of antibodies in buffalo, greater kudu, impala, blue wil­
debeest, warthog and elephant, where more than 100 sera were examined, was 
greater than 10% and suggests that these species may be involved in the 
maintenance of the virus in the wild. Although the prevalence of antibodies in 
eland, lechwe, tsessebe and giraffe was lower, between 5 and 10%, these species 
are considered to be potential reservoir hosts for the virus.
In some species only small numbers of sera were available and the absence of 
antibodies in these should not necessarily be taken as lack of susceptibility to 
Akabane virus. In addition the significance of neutralising antibodies in some 
species which have not been extensively studied, particularly where the pre­
valence of antibodies is low and where no virus has been isolated, must be 
speculative. Therefore the neutralising antibodies recorded in some of these 
species may be due to cross-neutralisation with related viruses or with other 
viruses as yet unrecognised.
During the collection of sera used in this study no abnormalities were ever 
observed in the animals sampled or in their herds of origin. This is not surprising 
as free-living wild animals are rarely under close enough surveillance for sporadic 
losses of young animals to be observed particularly where predators abound. 
Similarly if Akabane is indigenous in Africa young animals may become infected 
early in life and acquire immunity against Akabane before their first pregnancy 
and foetal abnormalities would be a rare event. The results presented here 
suggest that further studies of the susceptibility of wild animals could assist in our 
understanding of the epidemiology of the disease in Africa.
Accepted for publication November 1986
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ANTICORPS NEUTRALISANT LE VIRUS AKABANE CHEZ LA FAUNE SAUVAGE
LIBRE EN AFRIQUE
Resume—On a recherch6 les anticorps s£riques neutralisant le virus Akabane sur 2.895 s6rums 
r6colt£s entre 1963 et 1983 & partir de 41 espices de la faune sauvage libre dans 11 pays africains au 
sud du Sahara. On a retrouv6 des anticorps dans 25 especes, dont 16 n’avaient pas encore 6t6 
signal6es comme sensibles k ce virus. Les r6sultats indiquent que l’infection est r6pandue en Afrique 
et qu’elle y est pr£sente depuis un temps considerable. La prevalence des anticorps suggfcre que 
quelques especes sauvages peuvent £tre des h6tes de l’infection dans la nature.
ANTICUERPOS NEUTRALIZANTES CONTRA EL VIRUS DE AKABANE EN 
ANIMALES SALVAJES EN AFRICA
Resumen—Se examinaron 2,895 sueros para detectar anticuerpos contra el virus de Akabane, los 
cuales habian sido colectados entre 1963 y 1983 en 41 especies diferentes de animales salvajes. El 
muestreo incluyd 11 paises africanos al Sur del Sahara. Se demostraron anticuerpos en 25 especies, 
incluyendo 16 especies las cuales no habian sido reportadas como susceptibles al virus. Los resultados 
indican que la infeccidn estk ampliamente difundida en Africa y que ha estado presente por tiempo 
considerable. La prevalencia de anticuerpos sugiere, que algunas especies de animales salvajes 
posiblemente actuan como reservorios del virus.
